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INTRODUCTION 
Management and husbandry practices have placed a high emphasis on 
fast daily gain in young pigs. To achieve this rapid body weight gain 
necessitates the feeding of expensive milk by-products and processed 
carbohydrate sources. 
Recently the rationale for needing maximum rate and efficiency of 
gain in the starter period to achieve the most economical overall per­
formance from weaning to market has been questioned. If pigs and other 
farm animals respond to a normal diet following a restricted period by 
gaining faster and more efficiently, it is possible that their overall 
performance may equal that of animals fed unrestricted diets early in 
life. This period of accelerated and more efficient gains is called 
compensatory growth (Bohman, 1955). Pigs have been observed to make 
compensatory growth following periods of restricting energy or protein 
intake (Khajarern, 1973; Wyllie et al., 1969; and Zimmerman and Khajarern, 
1973). 
Moss et al. (1964) and Moss (1968a, 1968b) have shown that during 
early growth in chickens mathematical relationships exist between 
skeletal muscle weight, nuclei number, and cross-sectional area of the 
muscle fiber. If these mathematical relationships are upset during peri­
ods of nutrient restriction, it is possible that compensatory growth may 
be the result of a rapid realignment of these mathematical relationships. 
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The purpose of this study was to determine the effects of amino acid 
balance and protein restriction, length of restriction, and strain of pig 
on the performance and body composition of pigs during the restriction and 
the compensatory periods. Length of restriction was studied to determine 
if pigs have the ability to compensate from a restriction period longer 
than reported in previous studies. Lean, meat-type pigs have a greater 
protein requirement than pigs producing carcasses higher in fat and lower 
in lean tissue (Davey and Morgan, 1969; Hogberg and Christian, 1973; 
Rouse, 1971). Strains of pigs varying in fat and lean tissue were studied 
to determine if restricting protein intake in lean-strain pigs altered 
performance and body composition more severely during the restriction peri­
od. The effect of reduced protein intake on the compensatory ability of 
the lean-strain pig was also studied. The mathematical relationships that 
exist between skeletal muscle weights, nuclei number and cross-sectional 
area of the muscle fibers were also examined. 
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LITERATURE REVIEW 
Muscle Growth 
Skeletal muscle differentiates from mesoderm, the middle of three 
primary germ layers. During embryonic development, tissue of mesoderm 
origin exist as mononucleated cells, incapable of fusion or synthesis 
of protein. These cells are called presumptive myoblasts. As differ­
entiation occurs within the presumptive myoblast, it becomes capable of 
fusion and synthesis of protein, and it evolves into a myoblast, capable 
of mitotic division. These myoblasts may fuse with other myoblasts to 
form myotubes or may fuse with existing myotubes. The nuclei in the 
multinucleated myotube are not capable of mitotic division so the number 
of nuclei in the newly formed myotube is indicative of the number of 
myoblasts that fused to form it. Any increase in the number of nuclei 
in the multinucleated cell or fiber is a direct result of the fusion of 
myoblasts with the existing myotubes (Stromer ^  , 1974). 
Muscle tissue can grow by either increasing in cell number or cell 
size. Postnatal increase in mammalian skeletal muscle cell size is 
almost entirely the result of an increase in number and size of individu­
al myofibrils (Goldspink, 1972). A hypothesis by Cheek ££ al., (1971), 
supported by Goldspink (1972), suggests that a single nucleus can main­
tain only a certain volume of cytoplasm. Therefore, an increase in 
number of nuclei is necessary to obtain an increase in muscle cell size. 
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It is believed that the number of muscle fibers is fixed at birth 
in man (Goss, 1966), sheep (Joubert, 1956), chicken (Smith, 1963), and 
pig (McMeekan, 1940; Staun, 1963). Therefore, postnatal growth of 
skeletal muscle is primarily the result of hypertrophy or enlargement of 
the existing muscle fibers. Numerous investigators (Cheek, et al., 1971; 
Moss, 1968a; Powell and Aberle, 1975; Winick and Noble, 1965) have re­
ported that nuclei number in muscle cells continue to increase during 
postnatal growth. This indicates that new nuclei are being added to 
the multinucleated cell because these cells are not capable of mitotic 
division. This increase in nuclei in the muscle cell is probably ex­
plained best by Mauro (1961) who described small mononucleated cells, 
which he called satellite cells, that lie between the basement membrane 
and the myotubes. These satellite cells are capable of mitotic division 
(MacConnachie, Enesco and Leblond, 1964) and possess the ability to fuse 
with the growing skeletal muscle cell resulting in an addition of one 
more nucleus (Moss and Leblond, 1971). Upon fusing with the muscle cell, 
the satellite cell loses its ability to divide mitotically. 
The number of nuclei in tissue can be estimated by measuring the 
amount of deoxyribonucleic acid (DNA). Enesco and Leblond (1962) con­
cluded that the amount of DNA per diploid nucleus in rat brain and muscle 
was a constant amount of 6.2 picograms per nucleus. In a review of the 
literature. Vendrely (1955) noted that DNA content per diploid nucleus 
in the pig ranged from 5.1 to 6.8 picograms per nucleus. 
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In tissues consisting of mononucleated cells an increase in DNA 
content is indicative of an increase in cell number. However, the multi­
nucleated skeletal muscle cell presents a special problem in estimating 
cell number by the amount of DNA present. Robinson (1971) suggests that 
because muscle nuclei are diploid, the use of DNA content to estimate cell 
number is still a meaningful relationship. Moss (1968a), Cheek et al. 
(1971) and Goldspink (1972) indicated that a maximum cytoplasmic volume 
exists that can be controlled by one nucleus. If a muscle cell, physio­
logically speaking, is considered a nucleus together with the cytoplasm 
over which it has control, then nuclei number can be used as a measure 
of growth (Goldspink, 1972). The ratios of weight :DNA and proteinrDNA 
can be used to estimate the physiological cell size per nucleus (Enesco 
and Leblond, 1962; Winick and Noble, 1965). 
The amount of ribonucleic acid (RNA) in a muscle tissue is used as 
a measurement of the protein synthesizing machinery available in that 
tissue. The protein synthesizing capability of the physiological muscle 
cell is estimated by the RNA:DNA ratio (Winick and Noble, 1965). 
During postnatal growth DNA and RNA concentration in skeletal muscle 
decreases with increasing size of the animal. Powell and Aberle (1975) 
and Robinson (1969) showed that the concentrations of RNA and DNA in 
skeletal muscle decline up to 100 days of age in the pig and remained 
constant thereafter. Total RNA and DNA in skeletal muscle increases 
during postnatal growth- Powell and Aberle (1975) observed an increase 
in total DNA and total RNA up to 210 days of age; indicating that muscle 
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fibers were continually increasing in nuclei numbers. Robinson (1969) 
also found DNA to increase throughout a postnatal growth period of 100 
days. In postnatal growth from 0 to 210 days the protein concentration 
of muscle did not change but total protein increased at a rate similar 
to the rates for total RNA and muscle weight (Powell and Aberle, 1975; 
Robinson, 1969). 
The size of the physiological muscle cell, as indicated by the 
amount of cytoplasmic volume under the control of each nuclei (protein: 
DNA), increases during postnatal growth of skeletal muscle. Robinson 
(1969) showed a continual increase in the protein:DNA ratio in pigs up 
to at least 100 days of age. An increase in the protein:DNA and RNA:DNA 
ratios in porcine biceps femoris up to 145 days of age was reported by 
Powell and Aberle (1975). 
Moss e^  al. (1964) and Moss (1968a) have shown that definite 
mathematical relationships exist between the muscle weight, number of 
nuclei and cross-sectional area of the muscle fiber during normal growth. 
The number of nuclei in a growing muscle fiber increases in direct pro­
portion to the increase in cross-sectional area (Moss e^  , 1964) . The 
number of myofibrils is also proportional to the cross-sectional area 
(Goldspink, 1965) suggesting that the number of nuclei and number of 
myofibrils maintain a constant ratio. Regression coefficients of 1.05 and 
.886 for log cross-sectional area of the fiber on log nuclei number have 
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been determined for chicken pectoral (Moss, 1968a) and porcine rectus 
femoris ZiTrmPt-man, 1975), respectfully. 
During early muscle growth, fiber diameter and length increase in a 
constant ratio (Moss, 1968a). As long as the relationship between muscle 
fiber diameter and length remains static, the number of nuclei increase 
in proportion to the two-thirds power of the muscle weight in chicken 
pectoral (Moss, 1968a), as well as in porcine rectus femoris and semi-
tendenousus (Zimmerman, 1975). As long bones continue to lengthen the 
fibers of the muscles attached to these bones will also lengthen. A slow 
down or cessation of bone lengthening also slows the lengthening of the 
muscle fibers, therefore, upsetting the constant ratio existing between 
the fiber diameter and length. Consequently, as bone lengthening ceases, 
the ratio between the increase in nuclei number and the increase in muscle 
weight approaches one. Moss (1968a) showed that the nuclei number in the 
gastrocnemius of chickens increased in the proportion of the two-thirds 
power of the muscle weight during the first 2 months of life. Subsequent 
to the 2 months growing period the nuclei number increased in direct pro­
portion to the muscle weight, resulting in a constant muscle weight:DNA 
ratio. 
Because muscle fibers are essentially cylindrical in shape, their 
volume and weight will increase in proportion to the cube of their diam­
eter, if a constant ratio is maintained between length and diameter of 
the fiber. Since the cross-sectional area is proportional to the square 
of the diameter it can be assumed that the cross-sectional area is also 
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proportional to the two-thirds power of the volume and weight (Moss, 
1968a). When the muscle fibers cease to increase in length, the cross-
sectional area will increase in direct proportion to the volume and 
weight of the muscle (Moss, 1968a). 
Effect of Postnatal Protein Nutrition on Pig Performance 
and Carcass Characteristics 
The skeleton, organs, and tissues of the pig undergo stages of 
rapid development at different times and reach maturity at different 
weights and/or age (Fowler, 1967; McMeekan, 1940; and Palsson, 1955). 
The order of development from earliest to latest is first nervous tissue, 
followed by skeletal, muscle and adipose (Hammond, 1932). According to 
Palsson (1955), restricted nutrition reduces the development of the 
tissue or organ undergoing the greatest growth rate at the time of re­
striction. McMeekan (1940) theorized that growth of the later developing 
tissues is restricted for the benefit of the earlier maturing tissues if 
competing for available nutrients. Therefore, by restricting nutrients 
to an animal, a higher proportion of the earlier developing tissue and a 
smaller proportion of the later maturing tissues will be retained in the 
body. He concluded that the relative development of different organs and 
tissues could be influenced by the plane of nutrition. Supporting this 
theory, work by Elsley (1963a, 1963b) showed that restricted feeding to 
young pigs produced carcasses low in fat percentage at 56 days of age. 
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Mcifeekan's theory was challenged by Allden (1970), Elsley et al. 
(1964), and Fowler (1967). Fowler (1967) found no differences in overall 
growth rate, feed efficiency, and carcass composition of pigs fed normally 
or fed alternately with under- and over-feeding for different periods of 
time. Fat tissue was the only tissue easily altered by nutrition. Allden 
(1970) theorized that the musculature and physical shape of the animal re­
mained the same regardless of the nutritional state. On a fat-free basis, 
Elsley e£ (1964) showed that McMeekans data indicated no nutritional 
effect on body composition. 
Lately it has been shown that the performance and body composition 
of a pig is altered by feeding an inadequate level of protein, the age at 
which an insufficient protein diet is fed or the length of time the pig 
is subjected to the inadequate protein diet. Pigs fed a low level of pro­
tein during the starter period have lower average daily gains and require 
more feed per pound of gain in the starter period than pigs fed an ade­
quate protein diet (Khajarern, 1973; Meade et al., 1969; Wyllie et al., 
1969; Zimmerman and Khajarern, 1973). 
Meade et al. (1969) reported results of feeding starter protein 
levels ranging from 12 to 27% to pigs from 5.9 to 23.5 kg body weight. 
All pigs were fed similar diets from 23.3 to 90.8 kilograms. During the 
starter period, pigs fed the lower protein diets did not gain as well, or 
as efficient, as those fed an adequate protein diet. No carryover effect 
of starter protein level was apparent during the growing and finishing 
periods for pig performance. Pigs fed the 12% protein starter diet 
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required approximately 35 days longer to reach 90.8 kilograms. This extra 
time was accounted for by the slow growth during the starter period. 
Wyllie £t al. (1969), feeding starter diets ranging from 10 to 31% 
protein, also found lower average daily gains and poorer feed conversion 
ratios in pigs fed the lower protein starter diets. These low-protein 
diets produced carcasses at 23.9 kg body weight that were lower in water 
and protein and higher in fat content than carcasses of pigs fed adequate 
protein intakes. Subsequent to 24 kg, all pigs were fed a 16% protein 
diet to 57 kg and a 12% protein diet from 57 to 92 kilograms. No dif­
ferences in average daily gain resulting from starter protein level were 
found in the growing and finishing periods. An improvement in feed to 
gain ratios during the growing and finishing periods was observed in pigs 
started on the low-protein diet which resulted in a slight improvement in 
feed efficiency from weaning to slaughter. Starter protein level had no 
effect on carcass protein content or backfat thickness at 92 kg body 
weight. However, pigs started on the 10% protein diet contained more 
water and less fat in the empty body at 92 kg body weight than pigs 
started on the 31% protein diet. 
Results of pig performance similar to those by Wyllie e£ al. (1969) 
were reported by Zimmerman and Khajarern (1973). They fed pigs 10% or 20% 
protein diets from 5 to 23 kilograms. Pigs fed the 10% protein diet had 
less water and protein and more fat in the empty body at 23 kilograms. 
Contrary to results by Wyllie ££_al. (1969), no treatment differences were 
found for empty body water and fat content at 92 kg body weight. 
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Kropf ^  a2. (1959) compared pigs fed 12 or 16% protein diets of 
good amino acid balance to pigs fed a 16% protein diet of poor amino 
acid balance during the growing and finishing periods. Pigs fed diets 
with good amino acid balance exhibited no differences in average daily 
gain and feed efficiency resulting from protein level. However, pigs fed 
the poor amino acid balance diet gained slower and less efficiently, as 
compared to pigs fed diets of good amino acid balance. Carcass backfat 
thickness and body fat contents were lower with carcass water and protein 
content higher in carcasses from pigs fed a 16% protein diet with good 
amino acid balance as compared to those fed the other two diets. Longis-
simus dorsi area was least for pigs fed the imbalanced amino acid diet. 
The level of dietary protein has been shown to affect the size of 
the longissimus dorsi area. Staun (1963) studied the size and number of 
muscle fibers in the longissimus dorsi in pigs weighing from 15 to 90 kg 
body weight. He indicated that the number of fibers is fixed at birth 
and subsequent growth results from hypertrophy of the muscle fibers. 
Staun (1963) concluded that the diameter of the muscle fiber could be 
increased by increasing the level of protein in the diet or decreased by 
increasing the caloric density of the diet. 
Stahly and Wahlstrom (1973) reported that feeding diets from 10 to 
16% protein during the growing and finishing period had no effect on back-
fat thickness but the higher levels of protein increased the longissimus 
dorsi area. Similar results were reported by Tribble and Ramsey (1970) 
and Tjong-A-Hung et al. (1972). Wyllie et al. (1969) and Meade et al. 
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(1969) reported no effect of starter protein level on longissimus dorsi 
area at 92 and 90 kg body weight, respectively. 
Influence of Postnatal Protein Nutrition on Muscle Growth 
An adequate supply of properly balanced amino acids is necessary for 
optimum skeletal muscle growth. A deficient level of dietary protein 
during postnatal growth results in lower amounts of DNA, RNA, protein and 
weight in rat skeletal muscle (Howarth, 1972; Trenkle, 1974). Although 
reduced nucleic acid levels and weights exist in muscles of animals fed 
low-protein diets, normal proteinrDNA and weight:nuclei ratios are main­
tained (Kill et al., 1970; Moss, 1968b; Trenkle, 1974). These normal 
ratios indicate that diets slightly inadequate in protein slow growth of 
the entire muscle fiber. Low protein:DNA and weight:nuclei ratios exist 
if a protein-free diet is fed (Howarth, 1972; Trenkle, 1974). These lower 
ratios result because nuclear proliferation ceases and reductions in 
muscle weight, protein, and RNA occur. 
Ribosomal RNA constitutes the majority of the RNA loss (Young and 
Alexis, 1968). During a protein deficiency the increased breakdown of 
RNA coincides with a shift of polysomes to ribsomal subunits to account 
for the loss of RNA in muscles. Omstedt and von der Decken (1974) re­
ported complete restoration of ribsomal activity after one day of refeed-
ing rats previously fed low-protein diets. 
Mendes and Waterlow (1958) fed weanling rats a low-protein, high-
carbohydrate diet for 28 days, which resulted in retardation of muscle 
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growth, DNA accumulation and protein per unit of DNA in the gastrocnemius 
and quadriceps femoris. During refeeding with a high-protein diet, a 
short lag period was observed before muscle protein synthesis and DNA ac­
cumulation reached maximum rates. RNA level decreases during malnutrition 
but increases rapidly during refeeding (Dickerson and McAnulty, 1975). 
DNA level does not respond to refeeding, as rapidly as RNA and protein, 
following severe undernutrition. If the proteinrDNA and RNAiDNA ratios 
decrease during malnutrition, these ratios must be restored to their 
normal values before maximum growth rates can occur. 
The breakdown of muscle protein to provide nutrients to the organism 
can also affect muscle growth. Rats fed a low-protein diet have high 
rates of muscle protein catabolism (Young, Strothers, and Vilaire, 1971). 
This catabolism ceases early in the refeeding period and protein synthesis 
increases. Therefore, the decrease in muscle protein catabolism and the 
increase in protein synthesis result in a rapid accumulation of muscle pro­
tein early in the refeeding period. 
Moss et al. (1964) and Moss (1968a) reported that mathematical 
relationships exist between the muscle weight, number of nuclei and cross-
sectional area of the muscle fiber during normal growth. Partial restric­
tion of feed intake failed to alter any of these mathematical relation­
ships in chicken muscle (Moss, 1968b) or porcine muscle (Khajarern, 1973). 
Restricting protein intake in young pigs did not alter these relation­
ships in porcine rectus femoris and semitendenosus. However, starving 8-
day-old chicks for 48 hours disrupted these relationships in the chicken 
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pectoral (Moss, 1968b). During regrowth, these mathematical relationships 
were quickly restored to their pre-starvation level before proliferation 
of muscle nuclei resumed (Moss, 1968b). 
Influence of Lean and Fat Strains of Pigs on Growth 
and Development 
Many researchers have attempted to show the difference in nutritional 
requirements between fat- and lean-strains of pigs. Many of these studies 
are unique, because of the various methods used to obtain pigs varying in 
fat and lean body composition. Rouse (1971) and Hogberg and Christian 
(1973) randomly selected Yorkshire females and bred them to improved Hamp­
shire boars (lean-strain) or to unimproved, inbred Poland China boars 
(fat-strain). Using a different approach, Davey and Morgan (1969) select­
ed lines of Durocs and Yorkshires for 12 and 10 generations, respectively, 
for high backfat and low fackfat. A lean Yorkshire strain and a fat, 
unimproved Ossabaw strain were used in a study by Ezekwe and Martin (1975) 
to compare types of pigs. McConnell e^  (1971) grouped pigs into USDA 
No. 1 and No. 3 feeder pig grades for his lean- and fat-strain, respective­
ly. It is essential that these different methods used in obtaining fat-
and lean-strains of pigs be recognized when comparing results between 
experiments. 
The pig is dependent on an adequate supply of the indispensable amino 
acids for maximum growth rate. Pigs selected for carcass leanness and 
muscle growth (lean-strain) require more amino acids than a fat-strain pig 
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in order to achieve their genetic potential for growth (Rouse, 1971). 
Hogberg and Christian (1973) and Ezekwe and Martin (1975) reported that 
lean-strain pigs gained faster than fat-strain pigs, but others (Rouse, 
1971; Powell and Aberle, 1975; and Davey and Morgan, 1969) found no dif­
ference for growth rate between strains. For daily gain, lean-strain pigs 
responded more to a higher dietary protein level than fat-strain pigs 
(Rouse, 1971; Davey and Morgan, 1969). 
Lean-strain pigs utilize feed for gain more efficiently than fat-
strain pigs. While the lean-strain pigs utilized a 16% protein diet more 
efficiently than a 12% protein diet (Hogberg and Christian, 1973), no dif­
ferences in feed efficiency were noted between dietary protein levels in 
the fat-strain pigs (Hogberg and Christian, 1973; Rouse, 1971). 
Lean-strain pigs have carcasses with less fat and more muscle tissue. 
McConnell e^  al. (1971) and Rouse (1971) obtained larger longissimus dorsi 
areas, lower backfat measurements and higher percentages of ham and loin 
in the lean-strain pigs as compared to fat-strain pigs. Heavier skeletal 
muscle weights were found in Yorkshire pigs than in Ossabaw pigs of similar 
ages (Ezekwe and Martin, 1975). Pigs selected for high backfat measure­
ments had carcasses significantly higher in fat and lower in lean tissue 
than pigs selected for low backfat measurements (Davey and Morgan, 1969). 
If fed a 20% protein diet, lean-strain pigs deposited 31% more carcass 
lean than fat-strain pigs. Even on a low protein (12%) diet the lean-
strain pigs had carcasses with 6% more lean tissue. 
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McConnell et al. (1971) found daily nitrogen retention to be similar 
for lean- and fat-strain pigs fed a low-protein diet. However, if fed 
a high-protein diet, the lean-strain pigs retained more nitrogen than the 
fat-strain pigs. No improvement in carcass leanness was observed in fat-
strain pigs fed a high-protein diet, but the higher protein diet substan­
tially improved the carcass leanness of the lean-strain pigs. This dif­
ferent response indicates that the lean-strain pig requires a higher level 
of dietary protein than a fat-strain pig. 
The number and diameter of skeletal muscle fibers are reported to 
differ between breeds and strains of pigs. Allen et al. (1966) found 
Yorkshire barrows to have larger longissimus dorsi fiber diameters than 
Duroc barrows. Their findings agree with work reported by Staun (1963) 
on the same breeds of swine. Because Durocs had smaller longissimus 
dorsi areas than Yorkshires, Staun (1963) assumed no differences existed 
between number of muscle fibers in the longissimus dorsi of the two 
breeds. Staun (1963) also reported the Pietrain breed to possess larger 
longissimus dorsi fiber diameters than the Danish Landrace. He concluded 
that the greater meatiness and the larger longissimus dorsi area in the 
Pietrain breed is the result of the greater muscle fiber diameter. Hegar-
ty a2. (1973) observed Hormel Miniature pigs to have larger muscle fiber 
diameters than fibers of normal sized, crossbred pigs at similar weights. 
Significant differences in total fiber number were found between strains 
of mice by Luff and Goldspink (1970). However, no significant correla­
tion was found between muscle weight and total fiber number. 
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Different strains of pigs have been observed to possess different 
amounts of RNA and DNA in skeletal muscle. Powell and Aberle (1975) found 
heavy-muscled pigs to have more total DNA and protein in skeletal muscle 
than light-muscled pigs. DNA and RNA concentrations decreased as pigs 
grew older but no differences were found between strains of pigs. Similar 
RNA:DNA and protein:DNA rations between strains indicated hypertrophic 
growth was similar in both strains of pigs. Because the heavy-muscled 
pigs had heavier biceps femoris and semitendenosus weights, Powell and 
Aberle (1975) concluded that the increase in muscle mass was highly cor­
related to an increase in the number of nuclei present in the muscle. 
Influence of Amino Acid Imbalance on Muscle Growth 
Many researchers have shown that feeding an imbalanced amino acid 
diet results in a voluntary reduction in feed intake and reduced average 
daily gains (Devilat e^  , 1970; Ellison and King, 1968; Nassett et al., 
1967; Sanahuja and Harper, 1962; Sanahuja and Rio, 1968). Animals con­
sume more of a protein-free diet than of an imbalanced amino acid diet if 
given continuous access to both diets (Devilat et , 1970; Leung, 
Rogers and Harper, 1968; Sanahuja and Harper, 1962; Sanahuja and Harper, 
1963). Younger animals are more prone to consume a protein-free diet over 
an imbalanced amino acid diet than older animals. Devilat, Pond, and Mil­
ler (1970) reported that pigs in the growing phase preferred a protein-
free diet to an imbalance amino acid diet, but pigs in the finishing phase 
were less selective. The reduction in feed intake, because of an 
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imbalanced amino acid diet, consequently results in a reduced growth rate 
(Baker ^  , 1969; Sanahuja and Harper, 1962). Growth experiments on 
rats by Ellison and King (1968) showed that almost all growth depression 
from an imbalanced amino acid diet was accounted for by the reduction in 
feed intake. 
Little work has been reported on the influence of imbalanced amino 
acid diets on muscle cell constituents. Total body water is higher than 
normal in rats fed an imbalanced amino acid diet (Closa ££ al., 1974; 
Sanahuja and Rio, 1968). Feeding an imbalanced amino acid diet depresses 
protein synthesis in skeletal muscles (Closa ^  al., 1974; Noda et al., 
1975) but accelerates protein synthesis in liver tissue (Noda ^  , 1975; 
Sanahuja and Rio, 1967). Muscle tissue concentration of the most limit­
ing amino acid in the diet drops drastically in 3-5 hours after feeding 
(Ellison and King, 1968). Increased need of the limiting amino acid for 
protein synthesis and metabolism in the liver causes the free amino acid 
pool in the skeletal muscle to be depleted of this amino acid. 
Akinwande and Bragg (1974) fed day-old chicks a basal wheat diet 
supplemented with varying levels of L-lysine. Either a deficient or ex­
cessive level of lysine in the diet reduced growth rate because of re­
duced feed intake. Concentration of DNA in the gastrocnemius at 4 weeks 
of age was not affected by the level of dietary lysine. However, concen­
trations of RNA and protein, as well as the protein:DNA ratio, were lower 
in chicks fed an excessive or deficient intake of lysine. 
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EXPERIMENTAL 
The research reported herein is on file in the Swine Nutrition 
Section of the Animal Science Department at Iowa State University, Ames, 
Iowa, as Experiments 7320 and 7514. All pigs were produced and experiments 
conducted at the Swine Nutrition Research Farm. Experiment 7320 was con­
ducted with a lean and a fat strain of pig. Mature Yorkshire X Landrace 
gilts were allotted to two groups on the basis of their backfat probe 
measurements (adjusted to 100 kg). The lean strain pigs were sired by a 
Hampshire boar bred to the leanest probing gilts. The fatter probing 
gilts were mated to a boar of an unimproved, inbred Poland China line to 
produce the fat strain pigs. Pigs used in Experiment 7514 were crossbreds 
of Yorkshire, Landrace, and Hampshire ancestry. 
All pigs were weighed, eye teeth clipped, ears notched and injected 
with 1 ml of Iron Dextran Complex^  during the first 24 hours of life. 
Male pigs were castrated at 1 week of age. All pigs were weighed and 
weaned at 21 days of age and were placed on a solid concrete floor with 
continuous access to feed and water. At 22 days of age pigs were placed 
in individual screened-floor cages (0.3 x 0.9 m) with continuous access 
to feed and water. From approximately 22 kg body weight to slaughter, 
pigs in Experiment 7320 were housed individually in concrete floor pens 
(1.14 X 3-00 m) and given free access to feed and water. All pigs in 
M^ed-Tech Inc., St. Joseph, Missouri. 
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Experiments 7320 and 7514 were treated with 1 ml of Tylan-50^  for scours 
prevention at the beginning of the trial and individually treated as needed 
during the trial. 
Slaughter Procedure 
At slaughter pigs were stunned by electrical shock and bled from the 
jugular vein. Alimentary canal, internal organs, and leaf fat were re­
moved from the carcass and combined with the blood after evacuating the 
alimentary canal to compose the offal. The offal was then frozen. Imme­
diately after eviscerating the pig, the rectus femoris on the right side 
was removed, placed in a polyethylane bag and frozen. Additionally, the 
longissimus dorsi was removed and frozen in Experiment 7514. In Experi­
ment 7320, carcasses of pigs slaughtered at 100 kg were cooled for 24 
hours at 2°C before measuring longissimus dorsi area and backfat thick­
ness . Longissimus dorsi area was determined by a planimeter measurement 
of the cross-sectional area immediately posterior to the tenth rib and 
perpendicular to its linear axis. Backfat thickness was determined by 
averaging the three measurements taken opposite the first and last thoracic 
vertebrate and the last lumbar vertebrae on the right side of the carcass. 
After taking those measurements, the carcass was frozen in a polyethylene 
A^ntibiotic Tylosin, Blanco Products Company, Eli Lilly and Company, 
Indianapolis, Indiana. 
21 
bag to prevent moisture loss. All carcasses, except those of pigs 
slaughtered at 100 kg, were immediately frozen after muscle removal. 
Carcasses were split longitudinally from tail to snout in pigs 
slaughtered at 20, 33, and 100 kg in Experiment 7320 and at lean mass 
groups 3 and 4 in Experiment 7514 and the right side was used for chemi­
cal composition determination. Whole carcasses were used in pigs 
slaughtered at other weights. 
Frozen carcasses and offals were sawed into small pieces and ground 
four times through a Hobart^  grinder; once through an 18 mm die; once 
through a 10 mm die and twice through a 4 mm die. The ground material was 
mixed before each subsequent grinding. An approximate 500 g representa­
tive sample was composited from random cores taken from the ground material 
using a 2.3 mm diameter cork borer. This frozen core sample was chopped 
with a meat cleaver and then finely ground in a blender cooled in acetone 
and dry ice. 
Laboratory Procedures 
Frozen muscles were weighed and diameters of the muscle fibers were 
estimated (Hegarty and Naude, 1970). This procedure is found in Appendix 
B. Muscles were then "freeze-ground" similar to carcass and offal samples 
described earlier. 
H^obart Model 404b, The Hobart Manufacturing Co. Troy, Ohio. 
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Ash, ether extract, and total nitrogen determinations were made 
according to methods described in A.O.A.C. (1975). Crude protein was 
assumed to equal total nitrogen x 6.25. The procedure used for moisture 
determinations is described in Appendix B. Moisture and ether extract 
were determined on the same samples. In Experiment 7320, fat content of 
the rectus femoris was assumed to equal the total weight of the muscle 
minus the weight of the crude protein and water. Each component was ex­
pressed as a percentage of wet tissue. 
Nucleic Acids 
The modified Schmidt-Thannhauser (1945) method, as recommended by 
Munro and Fleck (1956) and further modified by Trenkle^ was used for the 
determination of RNA and DNA in the muscle samples. Exact procedure for 
these analyses is described in Appendix B. 
Experiment 7320. Compensatory Responses to Protein, Length 
of Starter Period and Strain of Pig 
Objectives 
Restricting protein intake during the starter period has no effect 
on body composition at 90 kg body weight (Wyllie et al., 1969; Meade et 
al., 1969). Pigs fed a high protein diet have heavier skeletal muscles 
^Department of Animal Science, Iowa State University, Ames, Iowa 
50011. 
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which contain larger muscle fibers and more total DNA, RNA, and protein 
at the end of the starter period than pigs fed a low protein diet (Kha-
jarern, 1973). Pigs fed a 20% protein starter diet have longer muscle 
fibers and more muscle lean mass per nuclei than pigs fed a 10% protein 
starter diet. These differences are not large enough to produce a change 
in the relationship between nuclei number and cross sectional area of the 
muscle fiber in pigs fed high and low protein diets (Khajarern, 1973). 
The purpose of this experiment was to determine the effect of the 
interactions of the restricted protein intake, length of starter period, 
and genetic strain of pigs on cellular development of muscle tissue in 
baby pigs and muscle development subsequent to protein restriction. 
Procedure 
Forty-eight 22-day-old pigs averaging 5.7 kg body weight were randomly 
allotted from littermate groups within strain to treatments of either 10 
or 20% dietary protein and a starter period length of 5 to 20 kg or 5 to 
35 kg. A split-plot design with four replications (litters) per strain 
was used. Strain of pigs was the whole plot treatment and starter pro­
tein level and starter period length were subplot treatments. 
All diets were isocaloric and equal in protein quality. Pigs were 
penned and fed individually. Composition and calculated analysis of the 
diets are given in Tables 20, 21, 22 and 23 in Appendix A. 
On reaching the end of their designated starter period, all pigs were 
fed a 16% protein grower diet to 57 kg body weight and a 13% protein finish­
er diet from 57 kg to a slaughter weight of 100 kg body weight. 
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One pig from each litter was slaughtered at the beginning of the 
trial. To analyze the effects of protein level and length of the starter 
period on carcass composition, an additional pig from each litter was 
assigned to one of the eight treatments. These pigs were slaughtered at 
the end of its designated starter period according to procedures previous­
ly described. 
Results 
The number of days in each period from weaning to slaughter is given 
in Table 1. Lean-strain pigs required more days in the starter, grower, 
and overall periods. The additional days required from weaning to slaugh­
ter for pigs restricted in starter protein intake are largely the result of 
the extra days needed in the starter period. Compensation is evident in 
the protein restricted, fat-strain pigs, as fewer days were needed during 
the growing and finishing periods than were needed by the unrestricted 
fat-strain pigs. However, lean-strain pigs restricted in early protein 
intake failed to compensate during the growing and finishing periods. 
These pigs continued to require more days in each period and overall than 
the unrestricted lean-strain pigs. 
Summaries of average daily weight gain are given in Table 2. Pigs 
fed a low-protein diet gained less per day (P < .01) than pigs fed an 
adequate-protein diet during the starter period. Although the starter 
protein level had no carryover effect on gains during the grower and fin­
isher period, pigs restricted in early protein intake gained less per day 
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Table 1. Experiment 7320. Effect of strain starter protein level and 
length of starter period on average number of days in each 
period 
Starter Grower Finisher Overall 
Strain 
Lean 54.8 40.4 49.6 126.8 
Fat 51.6 34.8 48.4 118.1 
Starter protein, ^  
10 59.6 39.3 49.9 131.0 
20 46.8 35.8 48.1 114.0 
Length of starter period, kg 
5-20 41.0 46.3 49.5 117.6 
5-35 65.3 28.9 48.5 127.2 
Lean strain 
10% protein 64.0 45.8 52.4 142.5 
20% protein 45.5 35.0 46,9 111.0 
Fat strain 
10% protein 55.1 32.9 47,4 119.3 
20% protein 48.0 36.6 49.4 116.8 
from weaning to 100 kg (P < .01) than pigs unrestricted in early dietary 
protein. Fat-strain pigs gained faster during the starter (P < .05), 
grower (P < .05) and overall (P < .10) periods, as compared to pigs of 
lean-strain breeding. Inadequate protein intake in the starter period had 
more of an adverse effect on the average daily gain of the lean-strain 
pigs than of the fat-strain pigs during the starter period (P < .01). 
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Table 2. Experiment 7320. Effect of strain, starter protein level and 
length of starter period on average daily gains 
Average Daily Gain, kg Starter Grower Finisher Overall 
Strain 
Lean .39 .76 .89 .67 
** ** * 
Fat .45 .83 .93 .72 
Starter protein level, % 
10 .35 .76 .92 .66 
*** *** 
20 .44 .82 .92 .74 
Length of starter period, kg 
5-20 .36 .79 .92 .70 
*** 
5-35 .48 .79 .92 .69 
Lean strain 
10% protein .30 .68 .86 .60 
20% protein .48 .85 .92 .74 
*** ** ** 
Fat strain 
10% protein .40 .86 .97 .70 
20% protein .50 .80 .90 .74 
*P < .10; **P < .05; ***P < .01. 
Fat-strain pigs did compensate in average daily gain during the grower 
period, whereas, lean-strain pigs, restricted in protein intake, failed 
to gain as well during the grower period as the lean-strain pigs fed 
adequate protein. This low average daily gain subsequent to protein 
27 
restriction resulted in a significantly slower overall growth rate in the 
lean-strain pigs as compared to the fat-strain pigs (P < .05). 
Pigs fed a restricted protein starter diet were less efficient during 
the starter period (P < .01) but compensated to become more efficient 
(P < .10) during the growing period (Table 3). The lean-strain pigs had 
lower feed to gain ratios in the grower period (P < .01) and also, although 
not significant, in the finishing and overall periods than the fat-strain 
pigs. From weaning to 100 kg body weight, neither early protein restric­
tion or length of starter period had an effect on feed efficiency. 
Table 3. Experiment 7320. Effect of strain, starter protein level, and 
length of starter period on feed:gain ratios 
Starter Grower Finisher Overall 
Strain 
Lean 2.10 2.51 3.49 2.86 
Fat 2.05 2.86 3.72 3.08 
Starter protein level, ^  
10 2.40 2.60 3.52 2.99 
*** * 
20 1.76 2.76 3.70 2,96 
Length of starter period, kg 
5-20 1.96 2.62 3.60 2.98 
5-35 2.20 2.74 3.62 2.96 
*P < .10; **P < .05; ***? < .01. 
/ 
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Tables 4 and 5 contain summaries of carcass measurements. Lean-
strain pigs had carcasses lower in backfat measurements (P < .05) and 
larger in longissimus dorsi area (P < .10) than fat-strain pigs. Re­
stricting protein during the starter period resulted in a reduction of 
longissimus dorsi area (P < .10). While inadequate starter intake had 
no effect on longissimus dorsi area in the fat-strain pigs, a reduction 
was observed for the lean-strain pigs (P < .10). Lengthening the period 
of protein restriction decreased the longissimus dorsi area (P < .10) and 
increased the backfat thickness (P < .10). 
Table 4. Experiment 7320. Effect of strain, protein level, and length 
of starter period on backfat thickness and longissimus dorsi 
area measurements at 100 kg body weight 
2 
Backfat, cm Longissimus dorsi, cm 
Strain 
Lean 
Fat 
Starter protein level, ^  
10 
20 
Length of starter period, kg 
5-20 3.54 33.15 
5-35 3.55 33.08 
*P < .10; **P < .05; ***P < .01. 
3.02 
** 
4.08 
35.75 
* 
30.75 
3.50 
3.60 
32.15 
* 
34.08 
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Table 5. Experiment 7320. Effect of protein first order interactions on 
longissimus dorsi area and backfat thickness measurements at 
100 kg body weight 
Backfat, cm 2 Longissimus dorsi cm 
Starter Protein Level, % 10 20 10 20 
Strain 
Lean 
Fat 
2.96 
4.02 
3.07 
4". 13 
33.6 . 
30.7 
37.4 
30.8 
Length of starter period, kg 
5-20 
5-35 
3.39 * 
3.60 
3.70 
3.49 
33.0 . 
31.2 
33.2 
34.9 
*P < .10; **P < .05; ***P < .01. 
Associated with the carcass measurements are the effects of protein 
restriction and strain of pig on chemical body composition (Table 6). The 
empty body of the lean-strain pigs at 100 kg had more water (P < .01) and 
crude protein (P < .05) and less ether extract (P < .05) than the fat-
strain pigs. No starter protein level effect was evident in the empty 
body analysis at 100 kilograms. 
Empty body gains, as affected by protein level and strain of pig, are 
given in Table 7. Restricting protein during the starter period resulted 
in empty body gains during the grower-finisher period greater in water 
(P < .01), protein (P < .10), and ash (P < .01) and less in ether extract 
(P < .10). Chemical composition of empty body gains from weaning to 100 
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Table 6. Experiment 7320. Effect of strain and starter protein level on 
empty body composition at 100 kg body weight 
Composition % 
Water Protein Ether Extract Ash 
Strain 
Lean 53.43 15 .16 26. 57 2 .91 
*** ** *** 
Fat 48.46 14 .19 32. 82 2 .93 
Starter protein level, % 
10 50.75 14 .56 29. 69 2 .97 
20 51.13 14 .79 29. 69 2 .88 
*P < .10; **P < .05; ***p < . 01. 
Table 7. Experiment 7320. Effect of starter protein nutrition and strain 
on composition of empty body gains 
Protein, % Strain 
10 20 Lean Fat 
Starter period gain, kg 
Water 11.30 13.15 12.57 11.89 
Ether extract 5.64 3.31 4.55 4.40 
Ash 0.57 0.70 0.65 0.63 
Crude protein 2.64 3.28 3.00 2.93 
Grower-Finisher gain, kg 
Water 30.52 *** 28.65 31.08 * 28.09 
Ether extract 20.53 * 22.69 18.62 *** 24.60 
Ash 1.93 *** 1.70 1.78 1,85 
Crude protein 9.63 * 9.08 9.67 9.04 
Initial to slaughter gain. M 
Water 41.82 41.80 43.65 * 39.98 
Ether extract 26.17 26.00 23.17 *** 29.00 
Ash 2.50 2.40 2.43 2.48 
Crude protein 12.27 12.36 12.67 11.97 
*? < .10; **P < .05; ***P < .01. 
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kg was not affected by starter protein level. Lean-strain pigs had empty 
body gains lower in ether extract (P < .01) and higher in water (P < .05) 
over the entire growing period than the fat-strain pigs. 
Analysis of rectus femoris weights, fiber diameter, protein, and 
nucleic acid content is given in Table 8. Lean-strain pigs produced rectus 
femoris that were heavier (P < .05) and contained more protein (P < .01), 
RNA (P < .01), and DNA (P < .01) than the fat-strain pigs. Ratios of pro-
tein/DNA and RNA/DNA were lower for the lean-strain pig as compared to the 
fat-strain pig. Restricting protein intake during the starter period had 
no effect on rectus femoris weight, fiber diameter, protein content, or 
nucleic acid content at 100 kg body weight. No starter protein level x 
strain interaction was observed for the rectus femoris measurements. 
Experiment 7514. Effect of Protein Quality and Quantity 
on Muscle Growth and Development 
Ob.i ectives 
During normal muscle growth, the muscle weight, nuclei number and 
cross-sectional area increase in logarithmic proportions to each other 
(Moss, 1968a). These normal relationships can be altered by nutrition. 
Lower nuclei number and cross-section area per unit of muscle weight were 
obtained in the pectoral by severely reducing the feed intake of chicks 
(Moss, 1968b). Zimmerman (1975) concluded that restricting protein in­
take of young pigs did not alter the normal mathematical relationships 
obtained by Moss (1968a,b) for muscle fiber diameter, muscle weight, and 
Table 8. Experiment 7320 - Effect of strain and starter protein level on rectus femoris weight, 
fiber diameter and nucleic acid content 
Weight, g Fiber 
diameter, u 
RNA, mg DNA, mg Protein, g Protein:DNA RNA:DNA 
Strain 
Lean 
Fat 
Starter protein level, % 
10 
20 
Lean strain 
10% protein 
20% protein 
Fat strain 
10% protein 
20% protein 
381.70 
A* 
317.56 
348.60 
350.60 
387.6 
375.8 
309.6 
325.3 
73.08 
74.77 
73.94 
73.90 
74.01 
72.15 
73.88 
75.66 
369.34 
296.79 
320.30 
345.82 
356.26 
382.41 
284.34 
309.23 
206.17 
*** 
142.23 
171.07 
177.34 
204.69 
207.66 
137.45 
147.02 
81.19 
A** 
69.49 
74.52 
76.16 
80.65 
81.72 
68.38 
70.59 
400.54 
•k-k-k 
492.43 
452.12 
440.85 
402.99 
398.08 
501,24 
483.62 
1 . 8 2  
** 
2.11  
1.94 
1.99 
1.77 
1 . 8 6  
2 . 1 0  
2 . 1 2  
*P < .10; **P < .05; ***? < .01. 
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nuclei number. This conclusion was based on data from pigs fed a restric­
ted diet low in crude protein (10%) but of good protein quality. 
Akinwande and Bragg (1974) concluded that feeding diets imbalanced in 
lysine to young chicks for 4 weeks resulted in lower RNA and protein con­
centrations, as well as lower protein: DNA ratios in the gastrocnemius. 
However, the concentration of DNA in chicken skeletal muscle was not af­
fected by the imbalance of lysine in the diet. 
No work has been reported on the effects of imbalanced amino acid 
diets on porcine skeletal muscle growth and nucleic acid content. This 
experiment was conducted to determine the effects of protein quality and 
quantity on the weight, composition, and fiber diameter in porcine rectus 
femoris and longissimus dorsi. 
Procedure 
Thirty-two pigs averaging 4.9 kg body weight and 22 days of age were 
used in a split-plot design. Lean mass weight groups were the whole plot 
treatments and protein levels and amino acid balance of the diets were the 
subplot treatments. Litters of four pigs each were randomly assigned to 
one of four lean mass weight groups that were spaced at equal logarithmic 
intervals. Littermates were randomly allotted to the four dietary treat­
ments. Pigs in treatments 1 and 3 were fed a 10% protein diet and pigs in 
treatments 2 and 4 received a 20% protein diet. Treatments 1 and 2 were 
balanced in amino acid content (NRC, 1973), therefore, considered to be 
of good protein quality. Treatments 3 and 4 were of poor protein quality 
or imbalanced in amino acid content. This imbalance resulted in inadequate 
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lysine but sufficient methionine plus cystine and total protein in treat­
ment 4. The degree of imbalance of amino acids used was that found in a 
10% crude protein corn-soybean meal diet. 
All diets were isocaloric. Composition and calculated analyses of 
the diets are given in Tables 26 and 27 in Appendix A. Pigs were individu­
ally penned in .3 x •9m pens and given unlimited access to feed. 
Previous experiments 6712^, 6908^, and 7215^ indicated that lean mass 
(protein plus water) composes about 72% of the liveweight of pigs fed a 
20% protein diet, regardless of body weight (5 to 40 kg). Pigs fed a 10% 
protein diet resulted in 69, 66, 63, 60, and 59% lean mass body weights at 
6, 14, 22, 30, and 38 kg, respectively. These data were used to calculate 
slaughter weights. The lean mass weights and body weights at which pigs 
were slaughtered are given below. 
Lean mass weight groups 1 2 3 4 
Lean mass weight, kg 6. 3 8. 9 12. 6 17. 8 
Live weight, kg 10% protein diet 9. 3 13. 5 19. 7 29. 7 
Live weight, kg 20% protein diet 8. 75 12. 35 17. 5 24. 75 
Log lean mass weight, kg 80 95 1. 10 1. 25 
Pigs were slaughtered according to procedures previously described. 
The rectus femoris and longissimus dorsi were removed from the right side 
of the carcass, placed in polyethylene bags and immediately frozen. De­
terminations of muscle weight, fiber diameter, nucleic acids, moisture, 
J-Swine Nutrition Section, Department of Animal Science, I.S.U., Ames, 
Iowa 50011. 
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ether extract, ash and protein were made as previously described. Carcass 
and offal samples were prepared and analyzed for moisture, ether extract, 
ash and protein as previously described. 
Special notes 
Pigs allotted to treatment 3 (10% protein, imbalanced amino acids) 
grew extremely slow because of their refusal to eat the imbalanced amino 
acid diet. As a result, the pigs allotted to treatment 3 and lean mass 
groups 2, 3, and 4 were changed to the diet of treatment 2 (20% protein, 
balanced amino acids) at 9 kg body weight. Therefore, in the statistical 
analysis, the effect of protein level was made by comparing treatment 1 
vs 2 and the effect of amino acid balance was made by comparing treatment 
2 vs 4. Treatment effects must also be interpreted in light of age effects 
on the parameters measured. A summary of the number of days to reach each 
lean mass weight for pigs of each treatment is given in Table 9. Pigs 
fed dietary treatment 1 (10% protein, balanced amino acids) and dietary 
treatment 3 (10% protein, imbalanced amino acids) reached each lean mass 
weight group at an older age than pigs fed dietary treatment 4 (20% pro­
tein, imbalanced amino acids). 
Results 
Summaries of average daily gains and feed:gain ratios are given in 
Tables 10 and 11, respectively. Although not statistically analyzed, it 
is evident that pigs fed the adequate protein, balanced amino acid diet 
(treatment 2) gained faster and more efficiently than pigs fed the 
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Table 9. Experiment 
reach lean 
7514, 
mass 
Effect of 
weights 
treatments on number o f days to 
Treatments 
1 2 3a 4 
Protein, % 10 20 10 20 
Amino acid balance Balanced Balanced Imbalanced Imbalanced 
Mean 
Lean mass 1 36 25 22 76 22 
Lean mass 2 39 41 24 59 32 
Lean mass 3 46 49 30 63 40 
Lean mass 4 60 79 36 77 50 
^Pigs of this treatment changed to balanced amino acid, 20% protein 
diet at 9 kg body weight. 
inadeqaute protein, balanced amino acid diet (treatment 1) or the adequate 
protein, imbalanced amino acid diet (treatment 4). Pigs fed the imbalanced 
amino acid, high protein diet (treatment 4) gained faster and more effi­
ciently than pigs fed a balanced amino acid diet, low in protein (treatment 
1 ) .  
The effect of protein level and amino acid balance on chemical empty 
body composition, averaged over all lean mass weight, is shown in Table 12. 
Pigs fed a diet balanced in amino acids had an empty body composition high­
er in water (P < .01), higher in protein (P < .01), and lower in ether 
extract (P < .01) than pigs fed an imbalanced amino acid diet containing 
the same quantity of protein. Empty body percentages of water and protein 
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were higher (P < .01) and ether extract and ash were lower (P < .01) in 
pigs fed the 20% protein diet, as compared to pigs fed the 10% protein 
diet. 
Table 10. Experiment 7514. Effect of treatments on average daily gain 
to reach lean mass weights 
Treatments 
1 2 3a 4 
Protein, % 10 20 10 20 
Amino acid balance Balanced Balanced Imbalanced Imbalanced 
Lean mass 1 .171 .238 . 066 .170 
Lean mass 2 .216 .320 .151 .262 
Lean mass 3 .296 .414 .194 .323 
Lean mass 4 .310 .518 .257 .404 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
Table 11. Experiment 7514. Effect of treatments on feed or gain ratios to 
reach lean mass weights 
Treatments 
1 2 3* 4 
Protein, % 10 20 10 20 
Amino acid balance Balanced Balanced Imbalanced Imbalanced 
Lean mass 1 2.26 1.39 4.24 1.78 
Lean mass 2 2.34 1.41 2.54 1.68 
Lean mass 3 2.28 1.54 2.21 1.76 
Lean mass 4 2.66 1.66 2.13 1.86 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
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Table 12. Experiment 7514. Effect of early protein level and amino acid 
balance on chemical body composition 
Treatments 
1 2 3a 4 
Protein, % 10 20 10 20 
Amino acid balance Balanced Balanced Imbalanced Imbalanced 
Empty body weight, kg^ 16 .94 14 .65 14 .81 14 .46 
Water, kg^ 10 .29 10 .49 9 .94 9 .68 
Protein, kg*^ 2, .24 2, .26 2 .12 2 .05 
Ether extract, kg^'^ 3. 58 1, .50 2. 05 2 .20 
Ash, kg^ .52 .39 .44 .42 
Empty body composition, % 
Water, 62. ,60 72. 08 66. 96 67. 93 
Protein, 13. 35 15. 23 13. 94 14. .18 
Ether extract, 19. 10 9. 88 14. 40 14. 02 
Ash, 3. 09 2. 66 3. 00 2. 86 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
^Treatment 1 vs 2 significant, P < .01. 
(^Treatment 2 vs 4 significant, P < .01. 
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Tables 13 and 14 contain the analyses of the rectus femoris and 
longissimus dorsi. No treatment differences were observed for fiber di­
ameter, moisture, protein concentration, total protein or total DNA in 
either the rectus femoris or longissimus dorsi. Pigs fed the 20% protein 
diet had greater (P < .01) concentrations of RNA in the rectus femoris and 
longissimus dorsi than the pigs fed the 10% protein diet. Feeding a bal­
anced amino acid diet resulted in higher RNA concentrations in rectus 
femoris and longissimus dorsi (P < .05, P < .01, respectively) than in pigs 
fed an imbalanced amino acid diet. Although the DNA concentration in the 
rectus femoris was not affected by the dietary treatments, a higher con­
centration of DNA (P < .01) was observed in the longissimus dorsi of pigs 
fed the 20% protein diet, as compared to those fed the 10% protein diet. 
Feeding pigs a high protein, balanced amino acid diet resulted in more RNA 
(P < .01) in the longissimus dorsi than in pigs fed a low protein, balanced 
amino acid diet or a high protein, imbalanced amino acid diet. Although 
not significant, total DNA tended to be greater in the longissimus dorsi 
of pigs fed a high protein, balanced amino acid diet (treatment 2) than in 
pigs fed a low protein or imbalanced amino acid diet. 
Pigs fed a balanced amino acid diet had larger proteiniDNA and RNA:DNA 
ratios (P < .01) in the rectus femoris than pigs fed an imbalanced amino 
acid diet. Pigs fed a high protein diet had lower proteiniDNA (P < .05) 
lower weight:DNA (P < .01), and larger RNA:DNA (P < .01) ratios than pigs 
fed low protein diet. 
Table 13. Experiment 7514. Effect of treatments on weight, moisture, protein concentration and 
nucleic acid concentrations in the rectus femoris and lon%isslmus dorsi 
Muscle Weight,g^ 
Fiber 
diameter, 
microns Moisture,% Protein,% RNA Wg/g*'d DNA Wg/g 
Rectus femoris 
Treatment 1 61.2 44.3 79.64 17:19 1389 1037 
Treatment 2 48.1 40.5 79.28 17.62 1680 1056 
Treatment 3^ 55.4 42.3 79.63 16.87 1543 976 
Treatment 4 51.1 43.8 78.94 16.43 1541 1093 
Weight,g 
Fiber 
diameter, 
microns Moisture,% Protein,% RNA Wg/gB'C DNA Wg/gB 
Longissimus dorsi 
Treatment 1 256.6 42.8 74.70 16.37 1350 897 
Treatment 2 245.8 44.8 75.76 17.28 1861 1032 
Treatment 3^ 217.2 41.9 76.45 16.89 1573 946 
Treatment 4 198.9 41.6 76.13 16.04 1664 1034 
^Treatment 1 2 significant, P < .01. 
^Treatment 2 vs 4 significant, P < .01. 
^Treatment 2 vs 4 significant, P < .05. 
^Pigs of this treatment changed to a balanced amino acid, 20% protein diet at 9 kg body weight. 
Table 14. Experiment 
the rectus 
7514. 
femoris 
Effect of treatments on 
and longisslmus dorsi 
total nucleic acids and nucleic acid ratios ir 
Muscle DNA,mg RNA,mg Protein, g Protein/DNA^ RNA/DNA^'^ Weight/DNA 
Rectus femoris 
Treatment 1 56.8 80.4 10.68 176.4 1.38 1018.7 
Treatment 2 49.7 79.3 8.54 169.1 1.60 957.9 
Treatment 3*^ 51.9 88.2 9.55 175.8 1.59 1038.5 
Treatment 4 54.6 78.2 8.36 151.5 1.42 923.7 
I)NA,mg RNA,mg^ ^ ^  Protein, g Protein/DNA^ RNA/DNA^'^ Weight/DNA^ 
Longissimus dorsi 
Treatment 1 207.5 326.0 42. 73 192.9 1.53 1169 
Treatment 2 247.1 435.2 42.99 169.4 1.81 978 
Treatment 3 196.2 347.3 37.96 183.2 1.68 1077 
Treatment 4 204.1 327.8 32.03 155.9 1.61 976 
a,r 
. 0 1 ,  Treatment 1 vs 2 significant, P < 
^Treatment ] vs 2 significant, P < .05. 
"^Treatment 2 vs 4 significant, P < .01. 
^Treatment 2 v^s 4 significant, P < .05. 
'^Pigs of this treatment changed to a balanced amino acid, 20% protein diet at 9 kg body weight 
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The weight of the rectus femoris and longissimus dorsi for each 
dietary treatment at each lean mass weight is given in Table 15. Muscle 
weights increase from lean mass weight group 1 through 4 for all treatments 
except rectus femoris weights on treatment 2. The rectus femoris weight of 
the pigs of treatment 2, lean mass 4 were much lighter than expected. This 
must be a result of biological variation or error in dissection. 
Table 15. Experiment 7514. Effect treatments and lean mass weight groups 
on rectus femoris and longissimus dorsi weight 
Treatments 
1 2 3a 4 
Rectus femoris, g 
Lean mass 1 27.8 30.0 26.1 28.2 
Lean mass 2 41.2 39.4 38.8 41.9 
Lean mass 3 69.6 63.5 57.2 49.1 
Lean mass 4 106.2 59.5 99.4 85.1 
Longissimus dorsi, g 
Lean mass 1 117.0 130.0 108.9 104.6 
Lean mass 2 152.0 172.4 129.4 163.8 
Lean mass 3 319.0 279.7 239.5 201.4 
Lean mass 4 438.6 401.3 391.0 325.7 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
RNA and DXA contents of the rectus femoris and longissimus dorsi by 
dietary treatments at each lean mass weight are given in Tables 16 and 17. 
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Pigs fed a 20% protein, balanced amino acid diet (treatment 2) appeared to 
have a larger amount of RNA at each lean mass weight in both muscles than 
pigs fed either a low protein (treatment 1) or imbalanced amino acid diet 
(treatment 4). A low protein, imbalanced amino acid diet (treatment 3) 
appeared to have a detrimental effect on the DNA content of the rectus 
femoris and longissimus dorsi at lean mass weight 1 (Table 17)• 
Table 16. Experiment 7514- Effect of treatments and lean mass weight 
groups on the RNA content of the rectus femoris and longissimus 
dorsi 
Treatments 
1 2 3a 4 
Rectus femoris, RNA, mg 
Lean mass 1 41.4 55.0 28.3 45.3 
Lean mass 2 64.2 70.9 69.7 62.5 
Lean mass 3 95.3 107.1 99.5 76.9 
Lean mass 4 120.8 84.0 155.4 128.3 
Longissimus dorsi, RNA, mg 
Lean mass 1 167.2 263.1 116.6 180.0 
Lean mass 2 233.5 340.7 232.9 258.6 
Lean mass 3 440.9 524.1 457.5 359.3 
Lean mass 4 462.3 612.9 582.2 513.2 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
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Table 17. Experiment 7514. Effect of treatment and lean mass weight 
groups on the DNA content of the rectus femoris and longissimus 
dorsi 
Treatments 
1 2 sa 4 
Rectus femoris, DNA, mg 
Lean mass 1 35.5 33.6 25.7 35.1 
Lean mass 2 48.4 47.3 41.1 46.1 
Lean mass 3 68.3 60.5 60.3 49.3 
Lean mass 4 74.9 57.5 80.5 87.8 
Longissimus dorsi, DNA, mg 
Lean mass 1 124.5 140.3 107.6 119.7 
Lean mass 2 157.1 187.4 124.5 149.7 
Lean mass 3 276.5 282.0 251.3 210.5 
Lean mass 4 271.7 378.8 301.3 336.4 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
Effects of dietary treatments by lean mass weight groups on the 
proteinrDNA and weight:DNA ratios for the rectus femoris and longissimus 
dorsi are shown in Tables 18 and 19a. No significant differences were 
noted between pigs fed diets varying in protein quantity. Pigs fed diets 
balanced in amino acids tended to have higher protein:DNA and weight:DNA 
ratios at each lean mass weight for the rectus femoris and longissimus 
dorsi than pigs fed an imbalanced amino acid diet. 
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Table 18. Experiment 7514. Effect of treatments and lean mass weight 
groups on the protein:DNA ratio in the rectus femoris and 
longissimus dorsi 
Treatments 
1 2 3a 4 
Rectus femoris, protein:DNA 
Lean mass 1 128.1 151.5 162.0 136.9 
Lean mass 2 146.9 147.6 158.5 149.8 
Lean mass 3 172.0 190.5 158.9 159.6 
Lean mass 4 258.4 186.8 223.9 159.5 
Lean mass 1 
Lean mass 2 
Lean mass 3 
Lean mass 4 
145.2 157.6 158.1 143.3 
156.8 146.4 171.2 167.2 
192.8 182.0 157.8 154.5 
276.7 191.7 • 245.6 • 158.4 
Pigs of this treatment changed 
diet at 9 kg body weight. 
Table 19a. Experiment 7514. Effect 
groups on the weight:DNA 
loagissiaus dor^i 
to a balanced amino acid, 20% protein 
of treatments and lean mass weight 
ratio in the rectus femoris and 
Treatments 
3a 
Rectus femoris, weight:DNA 
Lean mass 1 782.8 900.5 1014.7 804.2 
Lean mass 2 849.3 836.6 949.2 910.5 
Lean mass 3 1017.9 1047.9 953.2 1002.5 
Lean mass 4 1424.7 1046.5 1236.8 977.6 
Longissimus dorsi, weight:DNA 
Lean mass 1 940.1 925.0 1001.2 873.6 
Lean mass 2 968.9 913.9 1057.9 1105.8 
Lean mass 3 1151.0 993.6 951.9 957.0 
Lean mass 4 1616.0 1080.9 1297.1 967.4 
^Pigs of this treatment changed to a balanced amino acid, 20% protein 
diet at 9 kg body weight. 
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Treatments effects on regression and correlation coefficients of 
logarithmic values for nuclei number, cross-sectional area and weight • 
relationships of «the rectus femoris and longissimus dorsi are shown in 
Table 19b. Considerable variation in the data prevented observation of 
any real differences between treatments for regression coefficients of 
these relationships. Overall regression coefficients for log nuclei 
number on log weight of .747± .089 and .799± .094 for the rectus femoris 
and longissimus dorsi, respectively, are relatively close to the theo­
retical value of .67 established by Moss (1968a). Also close to the 
theoretical value of .67 established by Moss (1968a) are the rectus fe­
moris and longissimus dorsi regression coefficient values of .641± .146 
and .528± .143, respectively, for log cross-sectional area on log weight. 
Overall regression coefficients for log-cross section area on log nuclei 
number of .811± .190 and .635± ;168 were obtained for the rectus femoris 
and longissimus dorsi, respectively. Although theoretical value of 1.00 
(Moss, 1968a) lies within the 95% confidence interval for the regression 
coefficient for the rectus femoris, the regression coefficient for the 
longissimus dorsi is lower than the theoretical value. The least squares 
regression slopes are shown in Figures 1, 2 and 3. Similar slopes were 
observed for rectus femoris and longissimus dorsi, except for the slope 
of the log cross-sectional area on log nuclei nunber. In Figure 3, a 
slope closer to the theoretical value of 1.00 was observed for the rectus 
femoris than for the longissimus dorsi. 
Table 19b. Experiment 7514. Effect of treatments on regression coefficients and correlation 
coefficients for weight, nuclei number and cross-sectional area in the rectus femoris 
and longissimus dorsi 
Rectus femoris Longissimus dorsi 
Muscle coefficient b ± 95% C.I. r b ± 95% C.I. r 
Nuclei number on weight 
10% Balanced amino acid diet .567 ± .132 .971 .633 ± .410 .969 
20% Balanced amino acid diet .797 + .271 .945 .867 + .163 .983 
20% Imbalanced amino acid diet .852 ± .188 .978 .924 + .228 .924 
All treatments .747 + .089 .953 .799 + .094 .953 
Cross-sectional area on weight 
10% Balanced amino acid diet .592 + .338 .868 .656 ± .297 .911 
20% Balanced amino acid diet .656 + .508 .790 .404 + .414 .699 
20% Imbalanced amino acid diet .808 + .339 .922 .602 ± .358 .859 
All treatments .641 + .146 .855 .528 + .143 .810 
i-sectional area on nuclei number 
10% Balanced amino acid diet 1.095 + .396 .938 .952 + .554 .864 
20% Balanced amino acid diet .635 + .752 .645 .475 + .451 .725 
20% Imbalanced amino acid diet .914 + .420 .909 .685 + .270 .930 
All treatments .811 ± .190 .848 .635 ± .168 .815 
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Figure 1. Experiment 7514. Overall regression coefficient of cross-sectional area on weight 
rectus femoris and longissimus dorsi. 
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GENERAL DISCUSSION 
Pig Performance and Body Composition 
The quality and quantity of a diet during the starter period can 
alter the rate and efficiency of body weight gain in pigs. In Experiment 
7320 and 7514, pigs fed protein-restricted diets gained at slower rates 
and less efficiently than pigs fed adequate protein diets. Similar re­
sults for average weight gain and efficiency of body weight gain have 
been reported by Khajarern (1973) , Meade e£ al. (1969) , Wyllie e_t al. 
(1969) and Zimmerman and Khajarern (1973). 
Restricting protein intake to lean-strain pigs was more detrimental 
on performance than it was to performance of fat-strain pigs. In Experi­
ment 7320, lean-strain pigs gained slower and required more feed per unit 
of gain than fat-strain pigs, if restricted in protein intake during the 
starter period. Fat-strain pigs, fed a low-protein diet during the 
starter period, exhibited a compensatory response in rate of weight gain 
when fed an adequate-protein diet during the grower and finisher period. 
This compensatory response was not evident in the lean-strain pigs. 
These pigs grew slower than the fat-strain pigs in all periods of growth. 
This strain difference indicates that protein requirements are greater for 
maximum performance in lean, meat-type pigs as compared to fat-strain 
pigs. Davey and Morgan (1969), Hogberg and Christian (1973), McConnell 
et al. (1971) and Rouse (1971) made similar conclusions concerning the 
protein needs of the lean-type pig. 
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Although slower in growth rate, the lean-strain pigs achieved lower 
feed:gain ratios than the fat-strain pigs during the grower and finisher 
periods, Hogberg and Christian (1973) and Rouse (1971) reported similiar 
results for feed:gain ratios. 
In Experiment 7514, pigs fed imbalanced amino acid diets gained 
slower and less efficiently than pigs fed diets balanced in amino acids. 
These findings are in agreement with results reported by Kropf al. 
(1959) on growing-finishing pigs and with rats as reported by Devilat e^  
al. (1970), Ellision and King (1968), Nassett £t (1967), Sanahuja and 
Harper (1962) and Sanahuja and Rio (1968). 
Restricting protein during the starter period had no effect on car­
cass backfat thickness at market weight but affected the longissimus dorsi 
area of lean-strain pigs. Stahly and Walstrom (1973), T.jong-A-Hung et al. 
(1972), Tribble and Ramsey (1970) and Wyllie ^  al. (1969) reported simi­
lar findings for backfat thickness. Contrary to these results, Wyllie e^  
al. (1969) and Meade ejt a^ . (1969) reported no effect of starter protein 
level on longissimus dorsi area. Restricting starter period protein to 
lean-strain pigs reduced the longissimus dorsi area at market weight but 
had no effect on the same parameter in the fat-strain pigs. These results 
are similar to those of research reported by Staun (1963). He found the 
number of muscle fibers to be fixed at birth but concluded that dietary 
protein level can influence the hypertrophic growth of the muscle fibers. 
Empty body gains of chemical components during the grower-finisher 
period, as well as the starter period, can be affected by the level of 
53 
protein in the starter diet. Pigs restricted in protein during the 
starter period deposited less water and protein and more ether extract 
during the starter period. Compensatory empty body gains were made dur­
ing the growing and finishing periods. During the growing and finishing 
periods, pigs previously restricted in protein intake deposited more water 
and protein and less ether extract than pigs not restricted in early pro­
tein intake. Consequently, no differences existed in overall empty body 
gains of water, protein, and ether extract at market weight. These re­
sults are similar to those reported previously be Meade e^  al. (1969), 
Wyllie e;t (1969) and Zimmerman and Khajarem (1973). 
Empty body gains of ether extract, protein, and water were similar 
for the lean-strain pigs and fat-strain pigs during the starter period. 
During the growing and finishing periods the lean-strain pigs deposited 
less fat and more water in the empty body than the fat-strain pigs. This 
difference resulted in greater overall empty body gain in water and less 
gain in ether extract in the lean-strain pigs, as compared to the fat-
strain pigs. 
Restricting protein intake in the starter period affected lean mass 
deposition in the lean-strain pigs more than in the fat-strain pigs dur­
ing the starter period (Figure 4) but also resulted in more compensatory 
lean mass gain during the growing and finishing periods. Conversely, pro­
tein restricted, lean-strain pigs deposited more fat in the starter period 
but considerably less fat in the growing and finishing period than in the 
fat-strain pigs (Figure 5). 
Lean mass gain during starter period 
I I Lean mass gain during grower-finisher period 
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Figure 4. Effect of strain and dietary protein level on lean mass gain during the starter and 
grower-finisher period. 
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Figure 5, Effect of strain and dietary protein level on body fat gain during the starter period 
and grower-finisher period. 
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In Experiment 7514, feeding pigs an imbalanced amino acid diet 
resulted in an empty body composition higher in ether extract and lower in 
water and protein than pigs fed a balanced amino acid diet. Similar ef­
fects from protein levels were reported by Closa e^  a^ . (1974) and Noda 
e_t (1975). Contrarily, Closa e^  al. (1974) and Sanahuja and Rio (1968) 
reported higher total body water in rats fed an imbalanced amino acid 
diet. 
Cellular Components of the Muscle Cell 
Early protein nutrition can influence the rate of deposition and 
level of nucleic acids in skeletal muscle. In Experiment 7514, restrict­
ing protein intake reduced concentrations and total amounts of RNA and 
DNA in the longissimus dorsi of pigs fed to an equal lean mass. These 
results are in agreement with data on rat skeletal muscle reported by 
Howarth (1972 ) and Trenkle (1974). Pigs apparently make compensatory 
responses in nucleic acid content, as no difference existed between levels 
of nucleic acids at market weight following restricted protein intake in 
the starter period (Experiment 7320). 
A higher RNArDNA ratio was observed in the rectus femoris and longis­
simus dorsi of pigs fed an adequate protein diet as compared to a re­
stricted protein diet when fed to an equal lean mass (Experiment 7514). 
However, feeding a lower protein level resulted in higher protein :DNA and 
muscle weight:DNA ratios in the above muscles. In attempting to feed the 
pigs to an equal lean mass, the pigs fed the low-protein diet were older 
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and in actuality had heavier rectus femoris and longissimus dorsi when 
slaughtered than the pigs fed adequate protein diets. Observing lower 
protein:DNA and weight:DNA ratios in muscles of pigs fed adequate protein 
diets is contrary to results reported by Hill e^  al. (1970) , Moss (1968b) 
and Trenkle (1974). These observations in Experiment 7514 may be a re­
sult of the older age and heavier muscles of the pigs fed the low protein 
diet. Powell and Aberle (1975) and Robinson (1969) found protein:DNA 
ratios to increase during the early growth of pigs. 
Feeding an imbalanced amino acid diet resulted in lower concentration 
and total amount of RNA, but had no effect on the concentration of DNA in 
the longissimus dorsi. Akinwande and Bragg (1974) found similar results 
in the chick gastrocnemius. 
Adequate protein diets, well-balanced in amino acids, are necessary 
for maximizing the protein synthesizing machinery in each physiological 
muscle cell. Feeding an imbalanced amino acid diet resulted in a lower 
RNArDNA ratio; an indicator of depressed protein synthesis. This result 
agrees with the work reported by Akinwande and Bragg (1974), Closa et al. 
(1974) andNodaet^ . (1975). 
Restricting protein intake during the starter period did not affect 
the fiber diameter of the skeletal muscle during restriction (Experiment 
7514) or at the market weight (Experiment 7320) . This result conflicts 
with work by Khajarem (1973) who reported larger muscle fiber-diameters 
in pigs fed an adequate protein diet during the starter period in pigs 
taken to an equal lean mass-
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Total RNA and DNA increase as skeletal muscle grows early in the 
life of the pig. In Experiment 7514, total RNA and DNA increased through 
the four lean mass weights. The increases are in agreement with results 
of Powell and Aberle (1975) and Robinson (1969). The protein:DNA ratio 
increased as the lean mass weight increased, which supports the findings 
reported by Powell and Aberle (1975) who observed that protein:DNA ratio 
increased up to at least 145 days of age. 
The strain of pig had an effect on the muscle cell components at 
market weight (Experiment 7320). Rectus femoris from lean-strain pigs 
were heavier and contained more RNA, DNA, and protein than muscles of fat-
strain pigs. ProteiniDNA and SNArDNA ratios were smaller for the lean-
strain pigs than for the fat-strain pigs slaughtered at the same body 
weight. Powell and Aberle (19 75) reported similar results for total DNA 
but found no differences in RNAzDNA and protein:DNA ratios between heavy-
muscled and light-muscled pigs slaughtered at the same age. The results 
of Experiment 7320 indicate that, at equal body weights, the fat-strain 
pigs had larger physiological muscle cells than the lean-strain pigs, 
indicating that the fat-strain pigs had less potential for further muscle 
growth. 
Moss (1968a) proposed that during normal growth of chickens, linear 
mathematical relationships existed between the log values of nuclei num­
ber, muscle weight and cross-sectional area of the fibers in skeletal 
muscle. A regression coefficient of 1.00 has been proposed (Moss, 1968a) 
for log cross-sectional area on log nuclei number because the number of 
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nuclei is assumed to increase in direct proportion to the cross-sectional 
area of the muscle fiber. Moss (1968a) assumed each nucleus to be as­
sociated with a fixed number of myofibril and the cross-sectional area to 
depend upon the number of myofibrils in the fiber. During early growth 
the fiber diameter and fiber length increases in a constant ratio and, 
therefore, the volume increases in proportion to the cube of the diameter 
of the muscle. 
Moss (1968a) also assumed that in early growth, fiber diameter and 
length are maintained in some constant ratio. Therefore, fiber volume 
(weight) increases as a cube of the fiber diameter. Because the cross-
sectional area is proportional to the square of the fiber diameter and the 
volume increases in proportion to the cube of the diameter of the fiber. 
Moss (1968a) proposed a regression coefficient value of .67 for log cross-
sectional area on log muscle weight. The relationship between nuclei num­
ber and muscle weight would be a function of the above regression coef­
ficients, Therefore, a regression coefficient of .67 is assumed to exist 
between log nuclei number and log muscle weight (Moss, 1968a). Feeding 
slightly deficient diets did not alter these relationships (Moss, 1968b), 
but starvation for several days did disrupt the normal relationships. 
Moss (1968b) proposed that these relationships must be restored before 
growth of the muscle fiber can continue. Zimmerman (1975) reported that 
these same relationships probably existed for the pig, and feeding a low-
protein starter diet did not significantly alter these relationships. The 
interpretation of these relationships for data of Experiment 7514 are 
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rather difficult, because of experimental variation. The overall regres­
sion coefficients for log nuclei number on log muscle weight and log 
cross-sectional area on log muscle weight for both the rectus femoris and 
the longissimus dorsi did not differ significantly from theoretical values. 
However, the regression of longissimus dorsi log cross-sectional area on 
log nuclei number differed significantly from the theoretical value of 
1.0. It should be recognized, however, that the three relationships are 
interdependent. For example, the experimental coefficients for log cross-
sectional area on log nuclei number are less than 1.0 because the average 
coefficients for log nuclei number on log weight are greater than .67 and 
the coefficients for log cross-sectional area on log weight are less than 
.67. 
The data of Experiment 7514 are not suggestive of dietary treatment 
effects on the relationships between nuclei number, weight and cross-
sectional area of muscles during early growth. 
Additional Research Needs 
All questions concerning compensatory responses of pigs fed low 
protein starter diets have not been answered by this or previous studies. 
Additional research needs to be conducted to determine if the lean, "meat-
type" hog will be permanently stunted by a low-protein starter diet. In 
Experiment 7320, stunting was evident at market weight (100 kilograms). 
Previous studies did not result in stunting. 
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Another research need is to compare compensatory response in pigs 
grown to mature body weights rather than to current market weight as used 
in this and previous studies. Pigs have not reached maturity regarding 
bone and muscular growth at market weight (100 kg.)- By studying growth 
to muscle maturity, additional knowledge on the effect of early dietary 
protein intake on later growth and development of the muscle would be 
gained. 
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SUMMARY 
1. Restriction of protein intake during the starter period caused 
reductions in growth rate and efficiency of gain in the starter period but 
increased growth rate and improved feed efficiency during the grower and 
finishing periods. 
2. Restriction of protein intake was more detrimental to the per­
formance of the lean-strain pig than the fat-strain pig. Restricting 
dietary protein during the starter period resulted in compensatory gain 
in the fat-strain pigs but stunted the growth of the lean-strain pigs. 
3. Restricting protein intake during the starter period resulted 
in a smaller longissimus dorsi area in the lean-strain pigs but had no 
influence on the longissimus dorsi area in the fat-strain pigs. 
4. During the starter period, feeding a high-protein diet resulted 
in a greater deposition of protein and water and less fat in the empty 
body when compared to pigs fed a low-protein diet. 
5. Feeding an imbalanced amino acid diet resulted in less protein 
being synthesized and a lower RNA:DNA ratio in the skeletal muscles. 
6. The longissimus dorsi of starter pigs fed a high-protein diet 
contained a greater concentration and amount of RNA and DNA, lower pro­
tein :DNA and weight:DNA ratios than the muscle of low-protein fed pigs 
when fed to equal lean mass weights. Level of protein in the diet did 
not have an effect on the diameter of the muscle fiber. 
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7. Pigs restricted in protein intake during the starter period made 
compensatory gains in the growing-finishing period by depositing more pro­
tein and water and less fat in the empty body than pigs unrestricted in 
starter protein intake. 
8. Regression coefficients between the log values of nuclei number 
on muscle weight and cross-sectional area of muscle fiber on muscle weight 
in porcine longissimus dorsi and rectus femoris did not differ from a 
theoretical value of .67. The regression coefficient for cross-sectional 
area on nuclei number was closer to .80 than the published value of 1.00 
(Moss, 1968a). 
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Table 20. Composition of starter diets in experiment 7320^ 
Protein , % 
Ingredients 10 20 
Ground yellow corn 
% 
26.40 
% 
53.85 
Soybean meal (48.5%) 13.90 26.69 
Dried whey 7.50 15.00 
Corn starch 23.47 
Dextrose 23.47 
Soybean oil 1.00 1.00 
Calcium carbonate .36 .75 
Dicalcium phosphate 2.12 1.00 
Iodized salt .25 .25 
Trace mineral premix^ .10 .10 
Vitamin premix^ 1.00 1.00 
Aureo S.P.-250 premix .25 .25 
L-lysine .05 .10 
Choline chloride 70% .12 
Ethoxyguin .01 .01 
^Calculated analysis is presented in Table 21. 
^Composition is presented in Table 24. 
^Composition is presented in Table 25. 
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Table 21. Calculated analysis of starter diets for experiment 7320 
Items Unit 
Protein, % 
10 20 
Metabolizable energy 
Protein 
Calcium 
Phosphorus 
Vitamin A 
Vitamin D2 
Riboflavin 
Pantothenic acid 
Niacin 
Choline 
Vitamin 
Lysine 
Methionine + cystine 
kcal/kg 
% 
% 
% 
lU/kg 
lU/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
yg/kg 
% 
% 
3060 
10.04 
.70 
.60 
4409.2 
1102.3 
9.24 
24.05 
6.9 
1281 
22.05 
0.623 
0.329 
3051 
20.00 
.71 
. 60  
4409.2 
1102.3 
11.9 
30.51 
10.55 
1299 
22.05 
1.245 
0.658 
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Table 22. Composition of grower and finisher diets for experiment 7320^ 
Grower diet Finisher diet 
Protein, % 
Ingredients 16 13 
Ground yellow corn 
% 
76.55 
% 
85.60 
Soybean meal (48.5%) 18.50 11.60 
Calcium carbonate .90 .83 
Dicalcium phosphate 1.25 1.15 
Iodized salt .25 .25 
Trace mineral premix^ .05 .05 
Vitamin premix^ .50 Ln
 
O
 
Aurofac-50 premix .05 .02 
^Calculated analysis is presented in Table 23. 
^Composition is presented in Table 24. 
^Composition is presented in Table 25. 
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Table 23. Calculated analysis of grower and finisher diets for 
experiment 7320 
Grower diet Finisher diet 
Protein, % 
Items Unit 16 13 
Metabolizable energy kcal/kg 1357 
Protein % 16.14 13.03 
Calcium % .72 .60 
Phosphorus % .54 .50 
Vitamin A lU/kg 1782 1000 
Vitamin D2 lU/kg 250 250 
Riboflavin mg/kg 2.10 2.06 
Pantothenic acid mg/kg 6.80 6.57 
Niacin mg/kg 16.70 8.61 
Choline mg/kg 397 351 
Vitamin 3^2 Ug/kg 11.02 11.02 
Table 24. Composition of trace mineral premix 
Minerals Percent in premix Levels in diets if added 
at 0.10 percent ppm 
Zinc 20.00 200.00 
Iron 10.00 100.00 
Manganese 5.50 55.00 
Copper 1.10 10.00 
Cobalt 0.10 1.00 
Iodine 0.15 1.50 
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Table 25. Amounts added to the complete diets by vitamin premix 
Diets 
Vitamin Units Starter Grower Finisher 
Vitamin A lU/kg 4400.0 2200.0 2200.0 
Vitamin D2 lU/kg 1100.0 550.0 550.0 
Riboflavin mg/kg 6.6 3.3 3.3 
Pantothenic acid mg/kg 17.6 8.8 8.8 
Niacin mg/kg 33.0 16.5 16.5 
Vitamin 6^2 Jig/kg 22.0 11.0 11.0 
Ethoxyquin mg/kg .4 .2 .2 
Table 26. Composition of diets in experiment 7514^ 
Ingredients 
Amino Acid Balance: Good Poor 
Protein, %: 10 20 10 20 
Ground yellow corn 
% 
26.40 
% 
52.80 
% 
82.60 
% 
55.50 
Corn gluten meal (41%) 10.40 
Soybean meal (48.5%) 13.90 27.80 4.80 14.60 
bried whey 7.50 15.00 7.50 15.00 
Soybean oil 1.00 1.00 1.00 1.00 
Calcium carbonate 0.36 0.75 0.67 .70 
Dicalcium phosphate 2.12 1.00 1.68 1.14 
Iodized salt 0.25 0.25 0.25 0.25 
Trace mineral premix^ 0.10 0.10 0.10 0.10 
Vitamin premix^ 1.00 1.00 1.00 1.00 
ASP-250 0.25 0.25 0.25 0.25 
Choline chloride 0.09 0.09 0.04 
Ethoxyquin 0.012 0.925 0.012 0.012 
Corn starch 23.47 
Dextrose 23.47 
L-lysine 0,05 0.10 
^Calculated analysis is presented in Table 27. 
^Composition is presented in Table 24. 
^Composition is presented in Table 25. 
Table 27. Calculated analysis of diets in experiment 7514 
Item 
Metabollzable energy 
Protein 
Calcium 
Phosphorus 
Vitamin A 
Vitamin 
Riboflavin 
Pantothenic acid 
Niacin 
Choline 
Vitamin 
Lysine 
Methinonine + cystine 
Amino acid balance; 
Units Protein,% ; 
Good Poor 
10 20 10 20 
kcal/kg 
% 
% 
% 
lU/kg 
lU/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
lig/kg 
% 
% 
3158 3250 
9.93 19.78 
.70 .70 
. 6 0  . 6 0  
4410 4410 
1103 1103 
9.26 11.9 
24.07 30.50 
36.70 40.32 
1300 1299 
22.22 22.38 
.62 1.24 
.33 .66 
3239 3308 
10.07 19.90 
.71 .70 
. 6 0  . 6 0  
4410 4410 
1103 1103 
9.64 11.81 
25.59 29.17 
34.79 37.56 
1298 1334 
22.22 22.38 
.43 .86 
.39 .72 
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Table 28. Experiment 7320. Effect of strain on chemical body 
composition at 100 kg body weight 
Strain of pig Lean Fat 
Carcass 
Water, % 
Protein, % 
Ether extract, % 
Ash, % 
Offal 
Water, % 
Protein, % 
Ether extract, % 
Ash, % 
Rectus Femoris 
Water, % 
Protein, % 
Ether extract, % 
51.39 
15.42 
28.08 
3.26 
65.26 
13.48 
17.83 
0.87 
74.25 
21.25 
4.49 
*** 45.84 
14.30 
35.14 
3.27 
64.67 
13.33 
18.50 
0.87 
74.21 
21.85 
3.94 
*P < .10; **P < .05; ***P < .01. 
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Table 29. Experiment 7320. Effect of starter protein nutrition on 
chemical body composition at 100 kg body weight 
Protein, % 10 20 
Carcass 
Water, % 48.43 48.80 
Protein, % 14.70 15.02 
Ether extract, % 31.62 31.60 
Ash, % 3.31 3.23 
L 
Water, % 65.15 64.78 
Protein, % 13.60 13.20 
Ether extract, % 17.77 18.56 
Ash, % 0.89 0.85 
Rectus Femoris 
Water, % 74.14 74.33 
Protein, % 21.42 21.68 
Ether extract, % 4.44 3.99 
Offal
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Table 30. Experiment 7320. Analysis of variance of starter period 
average daily gain and feed:gain ratio 
Mean square 
Source of variation d.f. ADG, kg F:G 
Strain 1 .0390*** .0126 
Litters :strain (error a) 6 .0024 .0460 
C.V., % 11.56 9.81 
Protein levels 1 .2146*** 4.2576*** 
Length of starter period 1 .1288*** .5784*** 
Protein x length of starter period 1 .0141*** .0006 
Strain x protein level 1 .0088*** .0989 
Strain x length of starter period 1 .0001 .0774 
Strain x protein x length 1 .0180*** .0005 
Experimental error (error b) 24 .0008 .0416 
C.V., % 6.73 9.81 
*P < .10; **P £ .05; ***P <_ .01. 
Table 31. Experiment 7320. Analysis of variance of grower, finisher and overall period average 
dally gain and feed;gain ratio 
ADG mean squares Feed;gain mean squares 
Source of variation d.f. Grower Finisher Overall Grower Finisher Overall 
Strain 1 .0325** .0128 .0215* .9730*** .4325 .4117 
Litters:strain (error a) 6 .0043 .0496 .0046 .0527 .1840 .1535 
C.V., % 8.20 21.52 9.69 8.57 11.88 13.19 
Protein levels 1 .0300 .0000 .0639*** .1891* .2665 .0109 
Length of starter period 1 .0000 .0001 .0009 .1275 .0015 .0023 
Protein x length of starter period 1 .0066 .0013 . 0017 .0001 .0365 .0069 
Strain x protein levels 1 .1058** .0338 .0226** .0780 .0253 .0004 
Strain x length of starter period 1 .0153 .0028 .0005 .0003 .0002 .0088 
Strain x protein x length 1 .0265 .0078 .0034 .0630 .0153 .0109 
Experimental error (error b) 18 .0164 .0138 .0028 .0463 .1660 .0489 
C.V., % 16.01 12.91 7.56 8.03 11.29 7.45 
*P < .10; **P 5 .05; ***P £ .01. 
Table 32. Experiment 7320. Analysis of variance for carcass backfat, longissimus dorsi area and 
empty body composition at 100 kg body weight 
Mean square 
Composition, % 
Source of variance d.f. Backfat L. dorsi 
area 
Water Protein Ether 
extract 
Ash 
Strain 1 9.021** 179.08* 130.50** 4.554 275.412*** 0.015 
Litters : strain (error a) 6 .671 34.58 12.059 1.481 13.999 0.187 
C.V., % 1 23.07 17.77 7.61 9.25 14.04 16.49 
Protein levels 1 .083 29.07* 0.006 0.066 0.244 0.082 
Length of starter period 1 .000 .04 1.776 0.078 0.011 0.002 
Protein x length of starter period 1 . 368* 23.98* 1.343 0.332 3.081 0.062 
Strain x protein level 1 .000 26.10* 2.655 1.085 8.692 0.064 
Strain x length of starter period 1 .075 3.58 0.163 0.039 18.983 0.115 
Strain x protein x length 1 .513** 9.14 0.048 0.726 1.019 0.003 
Experimental error (error b) 18 .116 7.2659 2.755 0.623 10.536 0.046 
C.V., % 9.58 8.14 3.64 6.00 12.18 8.18 
*P £ .10; **P .05; ***P < .01. 
Table 33. Experiment 7320. Analysis of variance for composition of empty body gains 
Source of 
variation 
d.f. Water 
Grower-finisher mean square 
Protein Ether 
extract 
Ash 
Initial to slaughter mean square 
Water Protein Ether Ash 
extract 
Strain 
Litters:strain 
(error a) 
C.V., % 
Protein levels 
Length of starter 
period 
Protein x length 
of starter period 
Strain x protein 
levels 
Strain by length 
of starter period 
Strain x protein 
length 
Experimental error 
(error b) 18 
C.V., % 
71.585** 3.180 285.886*** 0.042 107.637** 3.953 271.773*** 0.018 
12.060 1.480 13.999 0.187 
11.74 13.00 17.32 23.85 
28.092*** 2.491* 37.135* 0.440 
12.139 1.331 
8.33 9.37 
.006 0.066 
428.884*** 31.164*** 116.453*** 1.907*** 1.776 0.078 
1.086 
8.166 
6.410 
9.326 
2.755 
5.61 
0.407 
1.192 
0.006 
1.385 
0.623 
8.44 
1.396 
16.508 
15.011 
0.037 
10.536 
15.02 
0.353 
0.046 
0.108 
0.088 
0.046 
11.83 
1.343 0.332 
2.655 1.085 
0.163 0.039 
.048 0.726 
2,755 
3.97 
0.623 
6.41 
13.993 
14.34 
0.244 
0.011 
3.081 
8.692 
18.983 
1.019 
10.536 
12.44 
0.177 
17.16 
0.082 
0 .002 
0 .062 
0.064 
0.115 
0.003 
0.046 
8.75 
*P £ .10; **P £ .05; ***P <_ .01. 
Table 34. Experiment 7320. Analysis of variance for components of the rectus femorls of pigs 
slaughter at 100 kg body weight 
Source of 
variation 
d.f. Weight 
Mean squares 
Fiber RNA 
diameter 
DNA Protein Protein:DNA RNA:DNA 
Strain 
Litters:strain 
(error a) 
C.V., % 
Protein levels 
Length of starter 
period 
Protein x length 
of starter period 
Strain x protein 
level 
Strain x length of 
starter period 
Strain x protein 
X length 1 
Experimental error 
(error b) 18 
C.V., % 
0.033** 22.781 42108.033*** 32705.339*** 1095.094*** 67561.685 0.691** 
0.004 
18.09 
0.000 
0.003 
0.001 
0 .002  
0.001 
0.0C3 
O.OCl 
9.0'3 
225.045 3054.348 
20.29 16.59 
0.011 5209.333 
31.205 50.515 
43.711 420.974 
26.645 3.204 
29.261 259.219 
154.88** 53.311 
28.599 2012.971 
7.23 13.47 
1120.046 
19.21 
315.024 
1270.995 
49.390 
87.120 
167.958 
276.030 
721.646 
15.42 
92.426 
12.76 
21.450 
136.136 
1.575 
2.607 
32.233 
399.689* 
93.391 
12.83 
3871.58 0.054 
13.94 11.84 
1014.951*** 0.021 
521.714 0.154 
166.779 0.001 
323.179 0.011 
106.345 0.001 
7645.872 0.048 
4627.282 0.102 
15.24 16.28 
*P < .10; **P < .05; **>>P < .01. 
Table 35. Experiment 7514. Analysis of variance for empty body composition weights and percentages 
Source of variation d.f . Weight Water Protein Ether extract Ash 
Weights 
Lean mass 3 385.365** 146.651** 8.856** 15.380** 0.305** 
Litter:lean mass (error a) 4 0.313 0.072 0.015 0.030 0.003 
C.V., % 3.68 2,66 5.65 1.21 1.89 
Treatments 3 10.677** 1.034** 0.083** 6.261** 0.025** 
1 vs. 2 1 20.98** 0.160 0.002 17.305** 0.068** 
2 vs. 4 1 0.14 2.624** 0.177** 17.960** 0.004 
Lean mass x treatments 9 2.769** 0.100 0.015 1.770** 0.005** 
Experimental error (error b) 12 0.147 0.121 0.012 0.101 0.001 
C.V., % 2.52 3.44 5.05 2.21 1.09 
Percentage of empty body 
Lean mass 3 40.501** 1.822* 37.867** 0.300 
Litter:lean mass (error a) 4 0.657 0.238 1.223 0.110 
C.V., % 1.20 3.44 7.71 11.43 
Treatments 3 121.030** 5.000** 113.729** 0.281* 
1 vs. 2 1 359.480** 14.137** 340.040** 0.740** 
2 vs. 4 1 68.89** 4.410** 68.56** 0.160 
Lean mass x treatments 9 12.251** 1.045* 20.017* 0.044 
Experimental error (error b) 12 2.557 0.348 5.375 0.060 
C.V., % 2.37 4.16 16.16 8.44 
*P < .05; A*P < .01. 
Table 36. Experiment 7514. Analysis of variance for weight, fiber diameter, moisture, protein and 
nucleic acid concentration in the rectus femoris and longissimus dorsi 
Mean square 
Source of d. f . Weight, g Fiber Moisture, % i Protein, % ! RNA Cone. DNA Cone. 
variation diameter, p 
Rectus Femoris 
Lean mass 3 5391.222** 396.176** 0.885 1.578 94131.542* 135613.833** 
Litters:lean mass 
(error a) 4 28.668 10.470 1.754 0.175 9341.562 2220.375 
C.V. , % 9.93 7.57 1.67 2.46 6.28 4.53 
Treatments 3 257.430* 22.724 2.330 2,035** 113233.458** 19237.200* 
1 vs. 2 1 682.516** 54.54 0.015 0.012 338724** 1444.000 
2 vs. 4 1 35.106 44.59 0.027 0.089 77284** 5476.000 
Lean mass x 
treatments 9 253.110** 9.256 0.752 0.752 86411.208** 23600.750** 
Experimental error 
(error b) 12 34.732 22.428 0.903 0.317 8291.729 4382.375 
C.V.. % 10.93 11.09 1.20 3.31 5.92 6.36 
Longissimus Dorsi 
Lean mass 3 120353.936** 346.773** 2.079 4.367** 190704.917 77579.615 
Litters:lean mass 
(error a) 4 2260.961 18.264 1.204 .610 60856.562 54641.875 
C.V. , % 20.71 9.99 1.45 0.05 15.30 23.92 
Treatments 3 5576.771* 16.314 4.591 2.382 358466.75** 36411.031** 
1 vs. 2 1 7.317 0.245 0.070 0.052 1040889.660** 72630.250** 
2 vs. 4 1 137.652 0.624 0.008 0.096 155031.190** 36.000 
Lean mass x 
treatments 9 1640.554 11.469 1.488 1.042 96579.167** 21957.670* 
Experimental error 
(error b) 12 881.597 22.006 3.701 1.023 13660.312 4191.302 
C.V. , % 12.93 10.96 2.54 6.07 7.25 6.62 
"•P < .05; ^ .01. 
Table 37. Experiment 7514. Analysis of variance for nucleic acids and nucleic acid ratios in the rectus 
femoris and longlsslmus dorsl 
Mean squares 
Source of d.f Total Total Total Protein/DNA RNA/DNA Weight/DNA 
variation DNA RNA Protein 
Rectus femoris 
Lean mass 3 2688.317** 9499.760** 176346259.** 6358.493** 0,181* 151615.041** 
Litters:lean mass 
(error a) 4 21.064 142.748 1137781.210 133.274 0.014 3841.522 
C.V., % 8.62 14.65 11.49 6.86 7.90 6.29 
Treatments 3 76.109 164.129 9110397.525 1082.146 0.106 22636.957 
1 vs. 2 1 200.95 5.47 198.930 197.610 0.194 14791.420 
2 vs 4 1 90.97 4.16 1.660 1253.930 0.123 4670.36 
Lean mass x 
treatments 9 147.587 725.301** 9847416. 1196.147* 0.070** 29875.578** 
Experimental error 
(error b) 12 77.897 104.971 1140541. 109.122 0.010 4394.397 
C.V., % 16.58 12.57 11.51 6.21 6.68 6.73 
Longissimus dorsi 9 
Lean mass 3 67117.960** 216542. 4.028x10 ** 7073.915** 0.150 139385.* 
Litters:lean mass 
8.308x10^ (error a) 4 1788.357 2681. 199.025 0.044 14329. 
C.V., % 19.79 14.42 23.42 8.05 12.64 11.40 
Treatments 3 4150.440 21351.* 2.121x108** 2089.175** 0.110* 68008.** 
1 vs. 2 1 98.357 47716.** 283.00 2201.490** 0.307** 145390.** 
2 vs. 4 1 115.832 46139.** 481014. 733.33 0.153* 22. 
Lean mass x 
7.076x10?* treatments 9 1313.530 3206. 1537.025* 0.089* 44270.** 
Experimental error 
2204x10? (error b) 12 1440.599 3770. 269.974 0.022 4901. 
C.V. , % 17.76 17.10 12.06 9.37 8.94 6.67 
*P £ .05; 1 .01. 
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Muscle Fiber Diameter Estimation 
Reference: Hegarty, P. V. J. and R. T. Naude'. 1970. Laboratory 
Practice 19: 161-164. 
Procedure 
1. Cut a transverse shaving (25 mg) from the belly of the frozen 
muscle. 
2. Place shaving in 1 ml chamber containing 0.5-0.8 ml isotonic 
saline. 
3. Homogenize to tease apart fibers—10 seconds with a Vitris 45 
homogenizer at slow speed. 
4. Transfer -3 ml slurry to deep well of a culture slide. 
5. Use a lOX eyepiece and a lOX objective in the microscope. 
6. Measure width of muscle fibers using an occular micrometer. 
7. The occular micrometer was calibrated with a stage micrometer 
and one division was found to equal .0055 mm. 
8. The fiber diameter was calculated as the mean of 100 fibers that 
were observed in the field. 
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Moisture Determination 
Procedure 
1. Dry extraction thimbles for 2 to 3 hours at 100° Centigrade. 
2. Cool extraction thimbles in dessicator for 30 minutes. 
3. Weigh approximately 8 grams of sample into a previously weighed 
extraction thimble. Weigh rapidly to avoid moisture loss by 
evaporation. 
4. Heat samples in a vacuum oven at 90°C and 20 lb. vacuum for 24 
hours. 
5. Cool samples in a dessicator for 30 minutes. 
6. Weigh samples and retain for ether extract determination. 
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Ultraviolet Absorption Measurements of DNA, RNA, and Protein 
References; Fleck, A. and H. N. Munro. 1962. Biochem. Biophys. Ac.ta 
55: 571-583. Revised by Dr. A. Trenkle, Department of 
Animal Science, Iowa State University, Ames, Iowa. 
Homogenization 
1. Weigh exactly a muscle sample of about 2 grams. 
2. Homogenize samples in .4N KCl in 100 ml beaker. Use 25 ml of 
.4N KCl per gram of sample. 
3. Keep samples and homogenate in ice bath. 
4. Analyze duplicate aliquots of each sample. 
5. Freeze remaining homogenate in plastic bottles. 
6. Rehomogenize homogenate that has been frozen before using. 
DNA determination 
1. To a culture tube add 1 ml homogenate and 1 ml .2N KOH; mix. 
2. Add 1 ml .08% indole and mix. To tissue blanks add 1 ml deionized 
water instead of indole. 
3. Add 1 ml 4N HCl (ice cold); mix. 
4. Heat in boiling water bath for exactly 15 minutes. Cool rapidly 
in ice bath. 
5. Extract 3 times with 3.75 ml chloroform per extraction. Centri­
fuge for 10 minutes at 500 x g each time. 
6. Measure O.D. at 490 np. 
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DNA standard : 500 pg/ml 
Dissolve 25 mg of calf thymus DNA in .001 N NaOH. Dilute to 50 ml 
volume with ,001N NaOH. 
Working standard 
Concentration DNA, yig/ml 
10 
20 
30 
40 
60 
Dilute to volume with .4N KCl. 
RNA determination 
1. Transfer 5 ml homogenate to a plastic centrifuge tube. 
2. Add 1.0 ml 1.2 N PCA with immediate mixing. 
3. Cool in ice for 10 minutes. 
4. Centrifuge 10 minutes at 7000 x g. 
5. Wash precipitate 2 times with cold .2N PCA (2 ml per wash). 
6. Add 1.5 ml suspend precipitate; add 1.5 ml .6N KOH and mix. 
7. Incubate at 37°C for 60 minutes. 
8. Place in ice bath; add 2 ml of 1.2N PCA and let stand for 10 
minutes. 
9. Centrifuge at 7000 x g for 10 minutes. 
10. Collect supernate in 25 ml volumetric flask. 
dilution 
1 ml in 50 ml 
1 ml in 25 ml 
3 ml in 50 ml 
2 ml in 25 ml 
3 ml in 25 ml 
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11 11. Collect 2 washes of precipitate (5 ml of .1 ml PCA per wash). 
12. Bring to volume and read O.D. at 260 my. 
13. Measure protein concentration of solution. 
-3 14. Correct reading in step 12 by subtracting .1 X 10 units per 
microgram protein per ml solution. 
RNA standard : 500 yg/ml 
Hydrolyze 25 mg RNA in 5 ml .3N KOH (60 minutes at 37®C) and make to 
50 ml with .IN PCA. 
Working standards 
Concentration RNA p g/ml dilution 
5 1 ml in 100 ml 
10 1 ml in 50 ml 
15 3 ml in 100 ml 
20 1 ml in 25 ml 
30 3 ml in 50 ml 
Dilute to volume with .IN PCA. Read O.D. at 260 my. If precipitate 
forms after adding PCA, centrifuge before mixing to volume. 
Protein determination 
Reference; Lowry et al. 1951. J. Biol. Chem. 193:265. 
Reagents 
1. 2% Nag CO in .IN NaOH. 
and dilute to 1 liter. 
Dissolve 4g NaOH and 20g Na^ CO^ in H^O 
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2. 1% CuSO^ SHgO. Dissolve 1 g and make to 100 ml with water. 
3. 2% K - Na - tartrate. Dissolve 2 g and make to 100 ml with 
water. (Keep refrigerated). 
4. Copper reagent is prepared by mixing equal volumes of Reagent 2 
and Reagent 3. Prepare the reagent just before making Reagent 5. 
5. Add 1 ml copper reagent (Reagent 4) to 50 ml of Reagent 1. 
6. Foliti-Ciocalteu phenol reagent. 
1. To 1 ml of sample add 5 ml of alkaline copper (Reagent 5). Let 
stand at room temperature for 10 minutes. 
2. Add .5 ml Folin-Ciocalteu (Reagent 6). Shake immediately. 
3. Let stand for 30 minutes at room temperature or 10 minutes at 
50°C. 
4. Read O.D. at 750 my. 
Protein standard: lOOOpg/ml 
1 mg bovine serum album./ml = 1000 pg/ml. Dissolve 25 mg BSA and 
make to 25 ml with water. 
Working standards 
Concentration protein ug/ml dilution 
Procedure 
5 .5 ml in 100 ml 
10 1 ml in 100 ml 
20 1 ml in 50 ml 
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Concentration protein pg/ml dilution 
30 3 ml in 100 ml 
40 1 ml in 25 ml 
Dilute to volume with water. 
